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PREFACE TO VOLUME II 

o apology can be adequate for a delay of twenty years 
- , in the appearance of the second volume of this work. 

I much regret that increasing official and extra-official duties 
and responsibilities have allowed insufficient leisure for the 
continuous effort required. The volume was nearly finished 
in 1914, but has been considerably revised in the last few 

years during its completion. 

As in the Monocotyledons the general arrangement is similar 
to that of Prof. Adolf Engler’s Syllabus tier Pflanzenfarnilien, 
but with some, often considerable, difference in detail, especi¬ 
ally in the arrangement and conception of the Orders of the 
first two Grades. On pp. 2 and 3 I have given reasons for 
maintaining a Grade Monochlamydeae. As in volume I some 
of the smaller families have been omitted and more space 
has been allotted to families represented in Britain. 

In accordance with the Rules of Nomenclature formulated 
at the Vienna Congress in 1905 I have substituted the term 
Family for Natural Order, and have used the term Order for 

the higher grade (Series of volume i). 

Again, as in the case of the earlier volume, I must express 
my obligation to the two great works on Systematic Botany, 
Die natiirlichen Pflanzenfarnilien and Das Pflanzenreich. 

In the matter of illustration I trust that this volume will 
mark an improvement on the former. I am greatly indebted 
to the Trustees of the British Museum for permission to use 
a number of blocks from the Flora of Jamaica by Mr \\ . 
Fawcett and myself, now in course of publication, these 
(indicated as From FloY.' Jaril.) were drawn by Mr 1 ercy 
Highley. For the drawings for the remaining blocks (except 
for a few repeated from volume i) I urn indebted to Mr Percy 

Highley and my daughter, Phyllis Rcndle. 

Mr A. J. Wilmott of the Department of Botany, British 
Museum, has very kindly read the proofs and made some 
useful suggestions. 

A. 1?. liENDLE 


/ *' 


London, 

October , 1925w 





NOTE 


The method of production of the present reprint has allowed 
only some small textual alterations. A few notes have been 
added in an Appendix. 

A. B. Rendle 


London, November ‘/l, 1937 
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DICOTYLEDONS 


In germination the radicle grows out from the seed to 
form a primary root. In the great majority of cases the 
pair of seed-leaves (cotyledons) are carried above ground 
(epigeal) to form the first green leaves of the plant; 
they are drawn out of the seed partly by growth of the hypo- 
cotyl, partly by their own growth, the stem-bud being pro¬ 
tected between them. In some cases they are hypogeal, 
remaining in the seed, where they act as storehouses of 
nourishment (see vol. i, 127). There is great variety in the 
form of the cotyledons, which generally bears no obvious 
relation to the form of the adult leaf; this form may be 
assumed by the leaves directly succeeding the cotyledons, or, 
especially in cases where the adult leaf is much divided or 
compound, the leaves immediately succeeding the cotyledon 
are simpler in form and shew transitional stages to the 
adult form. The Onagraceae afford a remarkable instance 
of the growth of the cotyledon to assume, by an intercalary 
development at the base, a form approaching t hat of the adult 
leaf; a still more remarkable growth of the same nature occurs 
in StreptocarpiLS (see family Gesneriaceae). The cotyledons of 
a pair are sometimes unequal, and in rare cases one is minute 
or aborted; in exceptional cases there are more than two 
cotyledons. When hypogeal the cotyledons are sometimes 
united so as to be indistinguishable (conferruminate) 1 . 

The habit of the adult plant is remarkably varied. A 
characteristic anatomical feature is the ring of open bundles 
in the young stem and the formation of a ring of cambium 
preliminary to secondary growth: in perennial woody plants 
exposed to regular alternation of seasons favourable and un¬ 
favourable to growth the secondary formation of wood in 
the stem takes the form of concentric “annual ' rings. Secondary 
growth of other types, generally described as “abnormal, 
occurs in various families and is especially frequent in woody 
climbers. The details of the stem-anatomy shew considerable 

* A detailed account of the forms of seedlings will he found in Luhhoek, 
A contribution to our Knowledge of Stallings (1892). 
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FLOWERING PLANTS 


variety and various features may be characteristic of families 
or smaller groups of genera 1 . 

The main stem is sometimes unbranched, but generally 
forms a more or less widely branching system, the individual 
leaf being proportionately small. The characteristic tree-type 
with a spreading crown of branches contrasts with the 
unbranched palm-type of the Monocotyledons. The palm- 
type is rare in Dicotyledons but occurs in the Papaw and 
others, where a tall unbranched stem bears a terminal crown 
of large leaves. 

The form of the leaf varies widely but a particular type 
is often characteristic of families or smaller divisions. With 
few exceptions the venation is obviously reticulate. The 
presence of a pair of bracteoles. placed laterally with regard 
to the bract, is characteristic of the group (see vol. i, 143). 

There is also great variety in the form and arrangement of 
the parts of the flower, which may consist merely of one or 
more sporophylls protected by bracts, or of a definite perianth 
surrounding male or female sporophylls or both; further, 
the perianth may be differentiated into an outer, generally 
protective, green calyx, and an inner, generally white or 
coloured corolla. The most general type of arrangement is one 
of five alternating whorls, each whorl containing five or four 
members: calyx, corolla, two whorls of stamens, and carpels, 
in regular ascending order. 

The seed generally contains a greater or less amount 
of endosperm which surrounds the embryo; in some cases 
perisperm is also present. In some groups the embryo 
completely (ills the seed. 


The following arrangement does not claim to be strictly 
phylogenetic. \ a rim is attempts have been made to construct 
a phylogenetic system of Angiosperms, but the results vary 
according to the point of > iow adopted*. In the arrangement 
adopted here the orders are grouped in three grades which 


i'O! - dil'.ils «>1 anatomy. Solyiedfr, 
(Enoiiah fruition.. |«n)H. 

8eo Hutchinson, cj Flowe*in 


* s ij'twin'll 

ij Plants 


tc anatomy of the Dicotyledons 
(Macmillan, 1926). 
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correspond to grades of differentiation in the floral structure. 
The first grade includes orders with, on the whole, a com¬ 
paratively simple type of flower ; several orders represent very 
isolated groups, and while it is possible that some may be 
reduced forms, the affinities of which are to be sought in the 
higher grades, it is, on the other hand, possible to regard the 
members of this grade as representing lines of development 
from earlier extinct groups. It seems likely that development 
of the highly differentiated insect-pollinated dichlamydeous 
flower was preceded by numerous, so to speak, experimental 
stages arising from earlier, now long extinct, Angiosperms, 
and it is a tenable view that such stages are represented among 
the Monochlamydeae. In the last order, Centrospermae, the 
higher type of floral structure exists alongside of the simple 
monochlamydeous type. 

In the second grade, Dialypetalae, the orders are arranged, 
so far as possible, in ascending sequence. In the first, Ranales, 
there is a marked indefiniteness in the number of members in 
the various series (calyx, corolla, androecium, gynoecium),the 
parts of which are generally free from each other and arranged 
in regular, frequently spiral, succession, on a convex floral 
receptacle. The grade includes several lines of development 
but the following general tendencies may be traced—diminu¬ 
tion in the number of members in each series, and in the 
higher groups, a tendency to their union, a whorled (cyclic) 
instead of a spiral arrangement of parts, a passage from 
hypogyny through perigyny to epigyny, and development of 
a zygomorphic from a regular flower. Comparison of the two 
extreme orders Ranales andUmbelliflorae well illustrates this 
The orders of Sympetalae represent still higher grades o 
floral development which have sprung from various dialy- 
petalous groups. They illustrate further developments of lie 
tendencies to floral complexity already noticed among the 
Dialypetalae and comprise at least three grades of develop¬ 
ment- first a pentacyclic group, with typically two whorls 
of stamens, which is the least removed from the Dialypetalae, 
secondly a higher group with a tetracyclic hypogynous ower, 
and thirdly a group, with a tetracyclic flower and an inferior 
ovary, in which the highest form of floral complexity is attained. 
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Grade A. MONOGHLAMYDEAE 

Flowers frequently unisexual, without a perianth, or with 
a simple perianth, which in the earlier orders is green and 
inconspicuous, in the later often coloured and attractive; in 
the highest developed families the perianth may be differen¬ 
tiated into an inner and an outer series. Stamens equal in 
number and opposite to the perianth-leaves or in greater 
number. Pollination in the earlier orders generally anemo- 
philous, in the higher orders often entomophilous; course of 
the pollen-tube often endotropic, that is, otherwise than 
through the micropyle. 

The plants of the earlier orders are exclusively woody 
plants; those of the later include also herbs. 


Order 1. Salicales. 

Family Salicaceae. 

Order 2. Garryales. 

Family Garrvaceae. 

^ V' 

Order 3. .luglandales. 

Family I. Myricaceae. 

II. Juglandaceae. 

Order 4. Julianinles. 

Family Julianiaeeae. 

Order o. Kagales. 

Family I. lielulaceae. 

II. Fagaceac. 

Order 0. ('osuarinales. 

I* ainily Oasiiarinaeeae. 

Order 7. I 'r?ieitlorae. 

I' amily 1. Ulmneeae. 

II. I rtiraeeae. 

*• IN. Moraeeae. 

IV. f’annaliin u-e:te. 

Order S. Prot«a»lc> 

l‘ «lIIlily P*'i‘T •vu-eae. 


Order 9. Santalales. 

Family I. Santalaceae. 

.* II. Loranthaceae. 

» III. Balanophoraceae. 
IV. ('ynomoriaceae. 

Order 10. Aristolochiales. 

Family I. Aristolochiaceac. 
•* II. Rafflesiaeeae. 

III. Hydnoraceao. 

Order 11. Polygon ales. 

Fa m i 1 y Polygonaceae. 

Order 12. 1 *iperales. 

Family I. Piperaeoae. 

II. Saururaceae. 

111. Chlorantlmceao. 

Order 13. (Vntrospermao. 

I- -unily I. ( henopodiaeeae. 

II. Amarantaceae. 
III. Xyctnginnceoe. 

J\ . Phytolaecaceae. 

N • Ai/oaeeae. 

•• ^ I* Portulacaeeae. 

\ II. < arvophyllaecae. 
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Order 1. SALIC ALES 
Family. SALICACEAE 

Flowers dioecious, in catkins, each flower subtended by a 
bract; bracteoles absent. Male flowers of two or more 
stamens; the female of two carpels united to form a one- 



of female and bisexual flowers of S. Caprea. • * niara P Female 
tremvia. N. Diagram of O. F«mal. ttower of / • »•»'«• f * 
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celled ovary with parietal placentas bearing generally 
numerous anatropous ovules. There is no perianth but the 
axis is expanded beneath the sporophylls into a variously 
developed disc. Fruit a capsule dehiscing by two valves. 
Seeds very small with a thin testa; embryo straight, sur¬ 
rounded by a trace of endosperm. 

Trees or shrubs with simple alternate stipulate leaves. 

One family, Salicaceae, containing two genera, Salix 
(Willow), and Populus (Poplar), chiefly north temperate but 
extending into alpine and arctic regions where the plants 
become shrubby ; extreme forms, such as Salix herbacea and 
S. reticulata , are small plants with slender creeping stems and 
branches on and beneath the ground sending up catkin¬ 
bearing twigs. A few species occur in the warmer parts of 
the world. 

The adult plants shew considerable variety of habit de¬ 
pendent on the manner of branching. The branches are of 
two kinds: (1) vegetative, which go on growing at the tip 
(Poplars) or are closed by abortion of the terminal bud (most 
Willows), bearing axillary foliage-buds, and (2) dwarf- 
shoots, borne generally in the axils of the previous year’s 
leaves, ending in a catkin and bearing either scale-leaves 
only or also foliage-leaves. The outermost bud-scale stands 
directly over the subtending leaf and is formed by union of 
two lateral scales, as is indicated by the presence of two main 
nerves, and especially also by the two axillary shoots which 
stand before the two portions of the bud-scale. 

i'he simple scattered leaves vary in form from linear to 


cordate; individual species may shew great variety in leaf- 

form as in Salix rcpcns or Populus enphratica. The stipules 
often fall early. 

A constant anatomical character is the superficial origin 
of the periderm, which in Salix arises from the epidermis, in 
Populus from tiie nexi lower layer. 

I he catkins tall as a whole, after serving their purpose; 
the male alter flew, ring the female after bursting of the 
trmt. The Hovers, which are sessile or have a shorter or 
longer stalk, >tand «,u h in the axil o‘ a bract, which in the 
Wdhms ls and hairy, in the Poplars lobed or cut 
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The bracts on the axis of the inflorescence are arranged 
spirally or in alternating whorls. Except for the rare occur¬ 
rence of bisexual flowers and the occasional appearance of 
male and female flowers in the same catkin the flowers are 
dioecious. Hegelmaierd) states that they are formed in July 
of the year preceding that in which they open. The male 
flower contains in the Willows usually few stamens (1 to 8, 
rarely to 12), in the Poplars the stamens are usually numerous 
(4 to 40); the number is fairly constant in the same species. 
in Salix incana and S. purpurea they are united in a ring at 
the base. The female flower has two transversely placed 
carpels, rarely, in some Poplars, there are four. The two to 
four stigmas, which are generally sessile, more rarely borne on 
a style/are either lateral (above the midrib of each carpel) 
as in Populus and some species of Salix, or. as in other species 
of Salix, antero-posterior (above the ventral sutures of the 
carpels). The ovules are generally numerous and arranged 
on two parietal placentas. Van Tieghem in s . 

inner integument in Populus, while in Sahx only the outer 
integument is present. A similar difference occurs n the 
family Piperaceae where the ovule of Pvper has two integu- 

ments, that of Peperomia only one. 

Beneath the sporophylls (which are sometimes carried up 
beyond it on a stalk, as usually in the female flower of Sato) 

is a development of the axis which shews a \ane y 
In Populus it is an oblique cup, more developed in front tha 
behinX in Salix it is often reduced to one or two smaU 
glandular teeth, which, in a few species, unite ' f °™ » 
inconspicuous ring; the reduction is generally greater » the 
female flower. In its size and early development a the fits 
organ of the flower the cup-like structure ". Po/m - c 
trasts with the less conspicuous structure in Sahx ; and tins 
led Hegelmaier to suggest that the structures were not 

parable in the two genera. 

Eichler's hypothesis that the flowers of Salix 

VetnX £ whot X TbnonL e i la" flowing HpecimenH off * 

aurita found that in both male and female and 

opposite the braet (that is next the axis) was more o» less split 
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displaced laterally, forming a pair of flat lanceolate scales. He 
interprets these as representing a pair of bracteoles (a and fi). 
In the male flowers an anterior gland was also generally present 
(as occurs normally in S. pentandra) which always retained its 
scale-like form and never divided. This structure Velenovsky 
regards as representing the remains of a perianth, and compares 
the male flower with that of Juglans where the five similar scales 
represent a pair of bracteoles and three perianth-segments. 
Similarly the cup-like disc of Populus is interpreted as representing 
a perianth and a pair of bracteoles. The perianth-leaf is regarded 
as the remnant of a polymerous perianth and the reconstructed 
bisexual flower of Salix is represented as shewn in the 
diagram (fig. I, S) which depicts a 2-merous flower with a theoreti¬ 
cal posterior perianth-segment and the indication of a suppressed 
inner whorl of stamens. With this may be compared Eichler’s 
theoretical flower of Mi/rica. The additional stamens which are 
often present in Salix are explained by doubling of the median 
stamens or the development of the inner series. 

It is assumed that the original floral plan of Populus, Myrica 
and the Juglandaceao contained numerous stamens and several 
perianth-leaves from which the present-day flowers have been 
derived by reduction in various stages. 

This comparison of the flowers suggests that the Salicaceae are 
most nearly related to the Myricaceae and Juglandaceae, and 
not to the Piperaceae alliance to which Van Tieghem<3) referred 
them on account of the presence of a second ovular integument 
(regarded as aborted in Salix) and the trace of endosperm which 
he finds in the seed in the form of a layer of oil-containing cells 
between the embryo and the seed-coat. A similar laver occurs in 
many othor reputedly oxulbuminous seeds. 


The Poplars are wind-pollinated and have pendulous 
catkins, at least in the male; the Willows, on the other 
hand, with erect catkins, are pollinated bv insects, many of 
which visit their flowers in the early spring, nearly niAety 
different species being recorded by Muller. The association of 
a large number of flowers in one inflorescence and the bright 
yellow colour of the anthers in the male flowers render the 
catkins conspicuous, especially among the bare twigs when 
as in many species, the flowers are developed before the 
caves. 1 he large store of nectar and pollen are an attraction 
to the insect at a time when nectar secreting flowers are rare- 
many bees resort almost exclusively to Willows in search of 
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food for their young (Muller). Even the tiny Salix herbacea. 
straggling over the bare rock of the high Alps, attracts, by 
its abundant supply of nectar, several insect-visitors in spite 

of its inconspicuous flowers. 

The study of Willows is rendered very difficult by the 
occurrence in nature of hybrids, the production of which is 
facilitated by the prevailing dioecism. These hybrids may 
themselves hybridise, and WichuraM) has produced by experi¬ 
ment unions of still higher complexity. 

The two valves of the dehiscing capsule bend outwards or 
become spirally rolled. The seeds are very small and owing 
to the very thin testa become easily dried up. The time during 
which they remain capable of germination is accordingly short. 
On the other hand, the long silky hairs developed from the 
funicle, by which they are enveloped, effect their speedy 
distribution either by wind or by water and when stranded 
in sufficiently damp soil they will germinate in less than a 
day, and in a few days the seedling develops its first ioliage- 
leaves. Rapid germination is rendered possible by the 
development of mucilaginous hairs on a raised girdle round 
the base of the hypocotyl and on the tip of the root while 

the embryo is still in the seed. 

Plants are also very easily propagated by cuttings which 

root quickly in damp soil or water, forming trees or bushes 


in a short time. , . 

Four centres of distribution of the Willows have been dis¬ 
tinguished in the north temperate zone: (1) the district round 
Behring’s sea, (2) Central Europe, (3) the Himalayas, and 
(4) Pacific North America. The tropical forms are widely 
distributed; in the Tertiary period they seem to have ex¬ 
tended further north than at present. According to Na‘h 
orst’s researches the arctic forms reached at the Cdaci 
period into the more temperate regions. The genus Popata 
inhabits the temperate regions of both worlds but does no 

reach the Arctic zone, though fossil remains '"' ‘“ f ^ 
did so in Tertiary times; Eastern Asia and Atlantic North 

America are especially rich in species. 

Of the two genera, Populu* (Poplar) has broad leaves, pendulous 
catkins, at least in the male plant, a cup-li e , 
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stamens and a lobed or cut bract. There are about 30 species of 
which P. alba (White Poplar or Abele), P. canescens (Grey Popiar), 
P. tremula (Aspen) and P. nigra (Black Poplar) are British, P. i tali at 
(Lombardy Poplar) of doubtful origin has been regarded as a variety 

of the last. Fossil remains, chiefly leaf-specimens, closely resembling 

recent species, are known from Tertiary formations. Several species 
are planted as ornamental trees, or for screens, owing to their rapid 
growth. The young shoots and buds are sometimes rich in a balsam. 
The timber is soft and easily worked, but not durable: several 
species are used in paper-making. Salix (Willow) has generally 
narrow leaves, erect catkins, a disc reduced to one or two nectar- 
secreting glands, generally few stamens and an entire bract. There 
are about 160 species besides numerous hybrids. The great vari¬ 
ability of the true species and the ease with which hybrids arise 
spontaneously render the genus one of the most difficult for study. 
Of our native species, Salix alba (White Willow) and S. fragilxs 
(Crack Willow), when not pollarded, S. triandra and S. pentandra 
form large trees; S. Caprea (Palm or Goat Willow), S. cinerea, 
S. aurita, S. repens, and S. lanata , are generally shrubs; S. virninalis, 
the Common Osier, is a shrub with long straight flexible branches 
and very narrow leaves. S. purpurea (Purple Osier), also a shrub, 
is distinguished by its having the filaments of the stamens com¬ 
pletely united. Fossil remains (including catkins as well as leaves) 
are frequent in Europe, America and the Arctic zone in Tertiary 
strata of different ages. Many species are valuable as timber-trees 
from their rapidity of growth and the production of light durable 
wood; the wood of S. caerulea, a hybrid between S. fragilis and 
S. alba occurring in the Eastern Counties, is used for cricket-bats. 
Some species, known as Osiers, are used for basket-making and 
wicker-work. The bark contains much tannin and a valuable 
medicinal glucoside, saliein. Several arc ornamental trees such as 
S. alba. White Willow, and *S. babijloniot , Weeping Willow, a native 
of China. Choittenia , a genus widely distributed in Korea, has been 
described by Nakai (Botan. Magazine, of Tokyo, xxxiv, 67: 1920) 
avs intermediate between Pop ulus and Salix. It has pendulous 
male catkins and flowers without either a gland or a cup-like disc. 
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Order 2. GARB I ALES 
Family. GARRYACEAE 

The genus Garrya, formerly included in Cornaceae as an ano- 

mmmmm 

It comprises the single 
genus Garrya , with 15 
species in California, the 
dry region of the south¬ 
west United States, and 
Mexico, and one in the 

West Indies. 

The plants are dioe¬ 
cious evergreen shrubs, 
or sometimes trees, with 
opposite entire leathery 
leaves and small flowers 
in pendulous silky-hairy 
catkins. The flowers stand 
singly or two or three A 
together in the axils of 
closely arranged opposite- 
decussate bracts; the 
male are stalked, the fe¬ 
male sessile. The male 
have a simple four-leaved 
perianth, the leaves often 
remaining united at the 
tips and allowing the four- 
stamens, which alternate 
with them, to protrude 
between them; the sta¬ 
mens are free, with long 
an there which open length¬ 
wise; in the centre of the 
flower is a small conical 
rudiment of an ovary. The 
female flowers are naked, 
consisting of a one-celled 
ovary bearing a pair of long 
spreading styles which 



Fig. 2 


r 2 A Male catkin of Garrya elHpGca. 
R One pair of bract* of same from " h, ‘J* 

zs --:»— 

Baillon.) 
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bear stigmatic papillae on the inside. From the top of the ovary¬ 
cell hang two anatropous ovules, each with a single often in¬ 
complete integument; the micropyle is turned outwards and 
above it is an obturator or projecting thickening of the funicle. 
The fruit is an egg-shaped or roundish, 1- or 2-soeded berry 
crowned by remains of the styles. The seed has a membranous 
coat, and contains a very small straight embryo near the top of 
the copious fleshy endosperm. 

darnja elliptica is grown as an ornamental shrub, the long 
pendulous male catkins forming an attractive contrast with the 
green of the leaves. 


Order 3. .J UGLA NDA LES 

Flowers unisexual, in catkins (at least the male), naked 
or with a simple scale-like perianth which is more or less 
united to the ovary in the female. Male flower with a variable 
number ot stamens; female of two united carpels; ovary 
unilocular, containing a basal orthotropous ovule with usually 
one integument. Wind-pollination. Sometimes chalazogamic. 
Fruit a nut or drupe-like; often more or less enveloped by 
the persistent bracteoles. Embryo large, almost completely 
filling the seed, straight, with a superior radicle and two large 
cotyledons containing starch or oil. 

Tree.s or shrubs with alternate simple or pinnately com- 
pound exstipulate leaves; rich in aromatic compounds. 

Iwo families, Myricaceae and Juglandaceae. 

Juglandales resemble Fagales in the arrangement of the 
unisexual flowers (at least the male) in catkins, which are 
here, however, simple inflorescences; the general plan of 
structure of the flowers is also somewhat similar, the 
presence m some genera of a pistil-rudiment in the male 
flower suggesting their derivation in each case from a group 
with b,sexual flowers. In both orders the bracteoles pity an 
important part m the protection and distribution of' the 
nut. 1 he ep.gyny of the perianth in Fagales may be 
compared with the various s ltw , of union of the perianth to 

t neuTT 1 ' ‘f’ f" glh " Mlal - A constant and important dis- 

T “ Un " 111 ,l "- UM '!orular ovarv of Juglan- 

dnle., with its ample orthotropous ovule. The presence of 

aromatic compounds in the leaves is also distinctive 
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Family I. MYRICACEAE 

Flowers monoecious or dioecious, without perianth but pro¬ 
tected by the bract and sometimes also by a pair of scale-like 
bracteoles. Male flowers with 2-20, often 4, stamens. Pistil 
of two carpels in the median plane bearing a pair of long 
thread-like stigmas. Fruit a small drupe with generally a 
wax-secreting exocarp. Embryo surrounded by a one-layered 
endosperm containing oil and proteid; cotyledons thick, 
plano-convex. 

Shrubs or trees with flowers in short scaly spike-like cat¬ 
kins and simple rarely pinnately cut stiff leaves containing 

yellow aromatic resin-glands. 

One genus containing 60 species. Widely distributed. 



Fig. 3. A. Two male catkins of Uyrica Gale. B. Male flower of a m with sub 

tending bract, enlarged. C. Female flower of M. J 1 1# 

tending bract and pair of lateral bracteoles. enlarged. D. b ruit of 
enlarged; g, resin-glands. E. The same cut lengthwise (less enlarged than 1>) 
Hhewing the contained seed abso in section. (A, B, D after t 
after Englcr.) 


Myrica Gale , Sweet-gale or Bog-myrtle, is a twiggy low- 
growing shrub, common on bogs and moors in the 1 ritis i 
Isles and occurring in Western and Northern Europe, Nnrt i 
Asia and North America as far south as Virginia. e 
remaining species occur in the mountains of tropical Africa 
and in South Africa, the Canary Islands, on the Himalayas 
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and the mountains of tropical Asia, in Eastern and North 
America, the West Indies and on the Andes of South America. 
In contrast with the restricted development of Myrica in 
Europe at the present day, fossil remains indicate a rich 
development during the Tertiary period, extending into the 
Arctic zone. 

The leaves, which often shew a § phyllotaxy, are stalked, 
and have an entire, toothed or more or less deeply cut, blade 
often shewing wide polymorphism on the same plant. On 
both the upper and lower epidermis, but generally more 
abundant on the lower, are shallow depressions containing 
yellow aromatic resin-glands. Root-tubercles similar to 
those of leguminous plants are frequent. The catkins are 
simple, as in M. Gale , or branched. In M. Gale and the 
American M. aspleniifolia they are arranged along short 
branches w'hich cease growth after development of thestamens 
or of the fruits and perish after fall of the pollen or seeds. 

this character is sometimes regarded as justifying the separa¬ 
tion of these two from the remaining species, which then comprise 
the genus Myrica , the Sweet-gale becoming a distinct genus Gale, 
while the American species, in which alone stipules occur, comprise 
a third genus Comptoma. There are also differences in the fruits 
of the three groups (D. 


The catkins arise from axillary buds; the bracts, which 
are small and scale-like, have, like the foliage-leaves, a jj spiral 
arrangement or one easily derived therefrom. 

In some species male flowers appear below the female 
forming androgynous catkins; bisexual flowers also occur 
occasionally. The stamens shew a wide variation in number, 
from two to twenty. Sweet-gale usually has four. They arise 
spirally on the floral axis which is quite short (M. Gale) 
or undergoes intercalary growth in length separating the 
filaments at different heights. When braeteoles are present 

[ M - ccr, J era ) *he.se arise in precisely the same way as 
he stamens and follow the same phyllotaxy; their arrange- 

s ud e , 7 ' Cft in , “ »'"*«• «» ‘feht angles to the brfet 

o th tT OTm ’ ,h " " I'-'rionth-hke protection 

Inen extro T l au,hm f '„,r pollen-sL which 

pen extrorccly by two longitudinal slits 
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The female catkins develop more slowly than the male 
and are much smaller at time of flowering; in M. Gale the 
flowers are produced before the leaves. The ovary is formed 
at the apex of the floral axis, which bears below a pair of 
(sometimes three or four) lateral bracteoles, the subsequent 
development of which varies in the three sections (or genera). 

Davey and Gibson (2| find that there is always a small proportion 
of mdhoecious plants in Myrica Gale which shew all gradations 
between the normal staminate and pistillate types, and that the 
sex of a bush or shoot may vary from year to ear rhea describe 
three grades of monoecism, namely, plants or shoots bearing 

staminate and pistillate catkins of the normal type, 
androgynous catkins, and plants with shoots the bulk of u hose 

catkins consist of bisexual flowers. The J^st-nam nr• 

mediate in size between the normal pistillate and stamina 
catkins The bisexual flower contains a centrally placed ovary, 

Sr to that of the norma, female flower; » * " 

four stamens united to the base of the ovary and J^t tielow 

these on the very shon flora, axis are^wo -"^1 

ftower BoThTamens and stigmas are functional aml 'hc Howcrs 
are protorogynous. They are capable “^“‘0 

compares this with the occurrenc rocrards the nhe- 

ovule-integument of Juglans and . u iama h t i rce °f am iiies, since 

nomenon as indicating the primitiveness o Triaonocarpus 

a ring of bundles also occurs in the integument in Tngonocarpus 

and other fossil seeds. 

In Gale each bracteole until after ferti,i ?“°" ‘^Xof 
sented only by a small lobule, but during development of 

Zlmbryo they grow up round the fruit to form a p~r o 

floats which become detached with the fruit and aid m its 

distribution; the pericarp is thin and toug . d 

In Complonia the bracteoles develop with the ovary 
gradually envelop it forming a cupule around the nut 

fruit, which ultimately falls out. 
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In the restricted Myrica papillate emergences are developed 
on the ovary in spiral succession from below upwards. In 
the fruit, which is drupe-like, the hard mesocarp is covered 
with a parenchymatous exocarp, the development of which 
varies in different species. The papillae may become succu¬ 
lent, or covered with hairs, but in most species (e.g. M. ceri- 
fera) bear a thick white layer of wax. The fruits are spherical 
or ovoid, and vary from less than ^ in. to ^ in. in diameter. 
The bracteoles in this section remain rudimentary, or if de¬ 
veloped dry up after the flowering period. 

The seed has a single thin coat, to the inner face of which 
adheres an endosperm of a single cell-layer with oil and 
proteid contents. The rest of the seed is occupied by the 
embryo, which has a superior radicle and two large plano¬ 
convex cotyledons which contain starch and oil, and in 
germination are carried above the ground by growth of the 
hypocotyl. 


REFERENCES 

(1) Chevalier, A. "Monographic de9 Myricac6cs.” Mini. Soc. Sci. Nat. 

Cherbourg, xxxu, 85 (1901). 

(2) Davey, A. J. and Gibson, C. M. “Note on the distribution of sexes in 

Myrica Gale." New Phylologist, xvi, 147 (1917). 

(3) Kershaw, E. M. “Structure and development of the ovule of Myrica 

(idle." Annalx of Botany, xxill, 353 (1909). 


Family II. JUG LAND ACEAE 

Flowers monoecious. Male inflorescence a many-flowered 

catkin, each flower in the axil ol a bract, with a pair of 

bracteoles and often a perianth of a few scale - leaves; stamens 

40; a rudimentary pistil is sometimes present. Bract and 

bracteoles in the female flower free or more or less united 

with the ovary, as is also the inconspicuous usually 4- 

merous perianth: carpels two median or transverse with a 

pair of stigmatie stylo-arms; rarely three carpels are present. 

1'iuit a drupe or nut with a thin or fleshy exoearp; endocarp 

hard with two or four incomplete septa. Kmbryo with fleshy 

four lobed corrugated or fohaceous trot vledons. 

% 
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Trees with generally large compound imparipinnate aro¬ 
matic leaves. 

Six genera; about 40 species. Warmer parts of the north 
temperate zone extending into the tropics. 


Germination is usually hypogeal. the large fleshy coty¬ 
ledons remaining in the seed; but in Pterocarya the much- 
divided cotyledons are leaf-like and are carried up by growth 
of the hypocotyl to form the first green leaves of the plant. 

The buds are protected by thick leathery or felted scales, 
the outer of which, especially in Pterocarya , sometimes bear 
a small pinnately cut rudimentary blade. They are borne 
somewhat above the leaf-axil; frequently there are two or 
three in a vertical series. The leaf-scars are large and bear 


three groups of vascular bundles. 

The pendulous male catkins are borne laterally, generally 

on naked branches of the previous -year. The flowers are 
subtended by a bract with which are united a pair of bracteoles 
and often several scale-like perianth-leaves; the floral axis 
is more or less elongated in the direction of the bract and 
bears an indefinite number of stamens; a central rud, ’ nei \ 
of a pistil is sometimes present. The short filament bears 
an erect anther which opens by two lateral longitudinal slits. 

The male flower shews considerable variation in nu 
of stamens and development of perianth. Pterocarya has a 
symmetrical four-leaved perianth the anterior mem 
which is the largest; the three hinder members may. be ™ or 
or less rudimentary or absent, the periant consis g 
three members or being reduced to the anterior one a lone 
The number of stamens varies between 8 and 16 a 
arrangement seems to follow no definite rule ; a rudiment of 
a pistil is sometimes present. Similar y in 
number of perianth-leaves is variable, two o ve. 
figures three as representative, but Nicoloff <»>, ° | 

De Candolle (i), regards four as the typical form, 
lower flowers of the catkin there are as many as 20 stamens 
but in the upper flowers the number is reduce o t ig 

six; there is no trace of a pistil. nlim u„ r 

In Carya the perianth is absent, and the stamens number 


R, II. 
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4 to 10, though sometimes reduced to three or two. In 
Platycarrja neither bracteoles nor perianth are present; the 
stamens number 8 to 10; and a pistil is often represented b}' 
a rudiment. It would appear therefore that the male flower 
is derived from a bisexual flower with an indefinite number 
of stamens and a several-leaved perianth. 

The female flowers are generally borne at the end of a 
leafy shoot of the current year and are few in number, as in 
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According to Van Tieghem (7) the integument in Juglons, which 
is provided witharing of vascular bundles, represents both innerand 
outer integuments. An additional partial outgrowth at the base 
of the ovule has also been described in Juglans. It consists of a 
pair of outgrowths from the placenta, apparently composed of a 
system of concrescont trichomes which grow until they abut on the 
carpellary walls and more or less fuse with them (6). It is through 
this tissue that the pollen-tube makes its way to the chalaza. 

There has been considerable discussion on the structure and 
development of the female flower and the relation of the ovule to 
the carpels. Van Tieghem (7) states that the vascular supply for 
each of the floral leaves is given off from the stem-stele at the 
base of the flower, and the ovary is therefore superior; also that 
the ovule though apparently developed from the top of the floral 
axis is really an outgrowth from the carpels, one or both of which 
contribute to its vascular supply ; Benson and Welsford(«>) come to 
the same conclusions. Nicoloff(5), on the other hand, does not accept 
Van Tieghem’s deduction from the course of the bundles and 
maintains that the ovule is a development from the top of the 
floral axis and that the carpels have no part in its formation. 

The ovule is not developed at the time of pollination. The 
position of the carpels is sometimes median (Juglans, 
Pterocarya, Engelhardtia),sometimes transverse (Carya, Platy - 
carya ). The position of the stigmas also varies, and may 
correspond either with the edges or the midribs of the carpels. 
Karsten( 2 ) states that at the time of pollination and later 
the union of the edges of the carpels is very often incomplete 
and even when they are united there is an open passage. 
The bract and pair of bracteoles are variously united with 
the ovary which is also crowned by a small, usually four¬ 
leaved, perianth. In Carya only the posterior perianth-leaf 
is present and in Platycarya, as in the case of the stain in ate 
flower, the perianth is altogether absent. In Juglans the 
bract is united with the ovary to a little above the middle 
and the bracteoles still higher, uniting to form a toothed rim 
(fig. 4, H); all trace of this is lost as the fruit ripens. In 
Pterocarya bract and bracteoles are almost free in the flower; 
in the fruiting stage the bract disappears, while the bracteoles, 
which have become carried up by the growth of the lower 
portion of the ovary, form a broad wing in the centre of 
which is the fruit. In Engelhardtia (tig. 4, K) bract and 


2-2 
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bracteoles are united with the lower half of the ovary and 
increase in the fruit to form a three-lobed involucre similar 
to that of the Hornbeam. In Carya they are united with the 
ovary to its apex. In Platycarya the bract is quite free, while 
the bracteoles are united with the ovary and develop in 
the fruit to form a pair of wings. 

The flowers open in late spring after unfolding of the leaves 
and are wind-pollinated. Juglans { 3), Carya{ -i) and Ptero- 
carya ( 2 ) are chalazogamic. The pollen-tube grows down the 
conducting tissue of the style till near the ovary-cavity when 
it turns and passes down the ovary-wall (fig. 4, J). At a 
point a little below the funicle the tube curves upwards, 
passing through the chalaza to the embryo-sac; branching 
of the pollen-tube was observed. A micropylar canal was 
present b”t no pollen-tubes were found to enter it. The fruit 
is drupaceous, having a more or less succulent epicarp, in 
the formation of which the bract and bracteoles take part 
when coherent,and a woody or crustaceous endocarp (stoneor 


“nut”). In Carya the epicarp opens regularly by four valves, 
in Juglans irregularly ; otherwise the fruit is indehiscent. 

The “nut ” opens only on germination, splitting in Juglans 
and Carya into predetermined halves, the dividing lines 
corresponding with the middle lines (not the edges) of the 
carpels. In the interior of the nut are incomplete septa by 
which the seed, which conforms to the interior, becomes more 
or less lobed. In every case two so-called primary septa in¬ 
trude from the line ot union of the carpels and uniting in the 
lower part ot the fruit to a varying height form a central 
column on the top of which the seed is supported (fig. 4. L); 


ns the ovule is erect the radicle is in the upper part of the 
seed and the cotyledons become two-lobed to fill up the 
spare on either side of the partition which crosses the lower 


portion ot the fruit {./uglanscinerea, Platycarya . Engelhardlia). 
frequently, however, two secondary septa are formed at 
right angles to the primary (and always less developed 
than these), dividing the chambers again so that the seed 
becomes lour iohed at the base, as in Juglans regia and 
•/ tngxi. and iiiom species of Carya and Pterocarya. In Juglans 
and ' arya there are aho additional intermediate outgrowths 
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which never reach the middle of the seed but correspond with 
shallow or deeper furrows on its contours. Symmetrically 
arranged hollows, characteristic of different species, are also 
often formed in the walls and septa by destruction of the 
tissue during development of the fruit. 

Solereder remarks that the family is well characterised ana¬ 
tomically. A distinctive feature is the occurrence of peltate 
glands in all the species. Periderm development is superficial: 
and in the wood the medullary rays are not broad, the perforations 
of the vessels are mostly simple and wood-parenchyma is rather 
abundant. Juglans and Pterocarya have a chambered pith. 

The family is found at the present day in the warmer parts of 
the north temperate zone and in tropical Eastern Asia to China 
and Japan. In North America it occurs mainly on the Atlantic 
side from Canada to Florida (Juglans and Curya), with two 
species of Juglans in California. The monotypic Oreomunnea is 
restricted to Central America and there is a species of Juglans in 
the West Indies (Jamaica). Juglans alone is found in both hemi¬ 
spheres. J. regia (Walnut) in prehistoric times grew wild in the 
western Mediterranean region, but is now native in Europe only 
in Greece whence it is found through Asia Minor to the Himalayas 
and Burmah. The allied J. nigra is native in the Atlantic t inted 
States. Fossil remains of leaves and fruits from Cretaceous and 
Tertiary strata indicate a former more northerly distribution of 
the family (represented by Juglans) extending as far as Greenland, 
Saghalien and Alaska, and also a greater community of repre¬ 
sentation between the eastern and western hemispheres; for 
instance, species of Juglans and ('arya described from Tertiary 
beds in Europe closely resemble present-day American species. 
The former distribution of the family resembled that of Fagaceae 
at the present day in the northern hemisphere. 

The seeds are rich in oil and several are edible; e.g. Jxiglans 
regia (Walnut), J. nigra (American Black Walnut) and species of 
Cary a (Hickory, Pecan). Juglans, Carya and the Eastern Asiatic 
Engelhardlia are useful timber trees. Pterocaryafraxinifolia (Trans¬ 
caucasia) is often cultivated as an ornamental tree. The family as 
a whole is rich in bitter principles and tannin. 
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Order 4. JULIANIALES 
Family. JTJLIANIACEAE 

Flowers dioecious, green, inconspicuous. Male flowers in catkins, 
or in simple or branched racemes, with a simple 3- to 9-partite 
perianth and an equal number of free stamens alternating with 
the perianth-segments: no pistil-rudiment. Female flowers three 
or four, collateral in an almost closed involucre, consisting only 
of a unilocular ovary and a deeply 3-partite exserted style. Ovule 
solitary, hemianatropous, with a single integument, and partially 
concealed by a much larger fleshy ventral development of the 
funicle. Fruit samaroid, compound and nut-like, enclosed in and 
admite to the persistent involucre, and borne on the flattened 
wing-like stalk of the partial inflorescence. Endosperm absent; 
radicle long, applied to the edges of the large plano-convex coty¬ 
ledons, which are epigeal in germination. 

Small resin-containing trees or shrubs with deciduous alternate 
imparipinnato oxstipulato leaves. 

One family. Julianiaccae*. with two genera— Juliania, with four 
species in Mexico, and Orthopteri/gium, a monotypic genus in Peru. 

This small isolated croup is placed between Juglandales and 
Fagalcs. It resembles the .1 uglandaceae in having alternate im- 
paripinnate oxstipulato leaves, in the dissimilarity of the male and 
female flowers, the broad stigmatic lobes of the style and the 
sincic integument of the ovule. The vegetative characters shew 
no resemblance to those of Fagales but the characters of the 
inflorescence and Slower suggest a closer affinity with this order 
than with •Juglandales. 1 he male inflorescence and flowers and 
*d>o the small globose pollen closely resemble those of species of 
Qunrus. while the several female flowers arranged side by side 

1 s<» . \\ . B (in t l.o .) .ili.miiu-c.u-: a new natural order of plants.'* 

Trnnt. Hot,. St--. mr. B, i\n\. l«<*» t‘*7 i l!)07i. 
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in a closed persistent involucre recall strikingly what obtains in 
Fagus and Coafcraea. Julianiaceae differ in that the mvolucre 
remains closed in the fruit and the flattened nuts are »dno‘e to ta 
inner wall' they have a hard selerenchymatous pericarp Juhama 
c“ alsoTtinguished by the one-celled, one-ovuW ovary. 
hut the seeds as in Fagales, are exalbuminous and the cotj leaon 

are epLe^TtA gemination. In the remarkable structure of he 
:m7the flmly is unique. A resemblance aho ^ 

Anacardiaceae in the foliage, the presence of res ,™ 

unisexual flowers, the solitary exaibummcus seed and the form 
of the embryo; there is also a resemblance in anatomical ch 

acters. 

Order 5. FAGALES 

Flowers unisexual, in catkin-Uke generaUy expound in- 
florescences- the female flowers often a few together. Ma e 
flowers generally adnate to the bracts, sometimes with a simp e 

inconsqhcuous perianth; female protected by 
bracteoles, sometimes with an inconspicuous supenorpenanth 
of two or three (rarely six) carpels forming an vary » “ 
many cells, each with one or two pendulous or uk- ‘ 
one-seeded nut associated with the persistent bract and 
bracteoles Endosperm absent, embryo straight. 

Trecs or shrubs^th simple alternate leaves, usually in 

two rows, with deciduous stipules. 

Two families, Betulaceae and Fagaceae. 

Family I- BETULACEAE 

Flowers monoecious in unisexual catkin-Uke impound 
inflorescences Perianth, when present, of small scale leave 

which vary in number and are free or umted; 

StiUate flower. The male flowers adhere to their bract nd 

contain 2-12 stamens which -^^iv^ed 
anatropous ovule with one integument. Fruit w. h one see , 

fills the seed. 
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Genera 6; species more than 100. 

The family is to-day, as in past ages, characteristic of the 
north temperate regions of both hemispheres. In the Old 
World species of Alnus occur as far south as Bengal, while in 
the New World Alnus acuminata extends along the Andes from 
Mexico to Argentina; Oslrya and a species of Carpinus are 
found in Mexico. 

Except in the Hazel ( Corylus ), where they remain in the 
seed and fruit, the cotyledons are epigeal in germination, 
forming a pair of small shortly-stalked green leaves. The 
foliage-leaves have generally a crenate or dentate margin and 
are spirally arranged on the primary axis, but on the branches 
become distichous, except in the largest section of Alders 
where the arrangement is one-third. Except in the Alders 
(Alnus) terminal buds are not found in the adult plant. The 
stipules serve only for bud-protection and fall when the leaves 
unfold. 


In most species of Alnus, including the British representa¬ 
tive, Alnus glutinosa , the buds are enclosed only by the pair 
of stipules of the first foliage-leaf. In Belula (Birch) the 
covering consists of two or three pairs of bladeless stipules; in 
Carpinus (Hornbeam) and Corylus (Hazel) these are preceded 
by two entire scales. The leaf-blade is generally plicate 
along the lateral nerves; in Corylus it is folded at the midrib 
with upwardly directed halves (conduplicate). The young 
branches and leaves in the bud bear glands in which a 
resinous secretion forms beneath the cuticle, and by the 
rupture of the outer layers of the latter is poured out on 
the surtaoe. When the leaves unfold the glands sooner or 
later (Alnus glutinosa) disappear. 


Periderm arises in the outermost layer of the cortex. In 
Corylus and Bctuln the cork-havers are alternately composed 
ot wide and narrow cells; peeling of the bark is caused by the 
tearing ot the former. Birch-bark owes its white appearance 
to the scarcity of cell contents in the cork-layers. 

The catkins terminate the growth of branches which 
bear below them foliage-leaves or at least bud-scales In 
Ah,„», species of an,I the male catkins arc 

developed at the ends of la-t years leaf-shoots, and pass the 



BETULACEAE 


25 


winter unprotected by bud-scales. A tassel of catkins often 
results from their production also on short branches just 
below the end of the same shoot. In Corylus, where they are 
also naked, they are borne on lateral dwarf-shoots, which 
are usually arranged in a racemose manner, and similarly, 
but protected by bud-scales, in Carpinus, Ostryopsis and 
many species of Betula. 

The female catkins of Corylus and Carpinus terminate 
leafy branches. In the former the branch does not elongate 
till the flowers have been pollinated, the red stigmas pro¬ 
jecting in a tuft from the tip of the axillary bud. In Betula 
and some species of Alnus (§ Alnaster) they are borne on 
few-leaved dwarf-shoots, often with the addition of several 
lateral catkins forming a raceme. In the two other sections 
of Alnus (including the British species) the female catkins 
(solitary or in racemes) spring from a leaf-axil below t e 

male, without bud-scales or foliage-leaves. 

The bracts are arranged spirally on the axis of the catkin 
which is almost always a compound inflorescence, contrasting 
with the simple spike of the Salicaceae and Juglandales. 
In what may be con- ^ 

sidered the typical case, 
there is in the axil of 
each bract a group of a 
three flowers forming a 
dichasium; the middle 
flower is, however, often 
absent; more rarely this b 



alone is present, and the 
catkin becomes a simple 
spike. 

The male flowers are 


5 Typical dichasium of Botulaccae: 
bract subtending 1. central flower; 
’ 8 lateral braeteolos subtending the pair 
,'fKral flower. 2. 3: «. p. broctcolo. of 

1. .. In turn 


more or less united with one 

the bract and bracteoles. A perianth is a »en number 

of small scale-leaves with free or united parts^ The.number 

of stamens varies, the Birch has two, the Hazel fou r the 
Hornbeam ten. Except in Alnus and Oslryopsts they^ 
or less divided, either the anther-halves only being P 
or the filament being also more or less split lengthwise. 
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In the female flowers the perianth is absent or present and 
epigynous, consisting of a varying number of small scales. 
There are always two carpels, united to form a bicarpellary 
ovary; except in Corylns, they are placed transversely to the 
floral bract. At the period of pollination, which is effected by 
wind, only the two long styles have developed; the ovary 
cavity and ovules form later. Each of the two loculi contains 
a single pendulous anatropous ovule, with one integument. 

Owing to the abortion of one of the two ovules the fruit 
is one-seeded. The pericarp is thin, or stout and hard as in 
the Hazel; it is crowned by the remains of the styles and 
the perianth, if present. The bracts become more or less 
changed during the ripening of the fruit. In the Birch and 
some Alders the fruit bears a pair of lateral wings which 
assist its dispersal. The embryo with its large oily cotyledons 
fills the seed. 


As we have seen, the female flower consists of but little more than 
the pair of protruding styles at the time of pollination. Several 
months may elapse before fertilisation occurs, the pollen-tubes 
remaining at rest in the tissue of the style during the development 
of the ovary and ovules. On resuming growth, the pollen-tube 
(in Be.tula. Abuts, Corylus and Carpinus, the genera examined), 
having entered the ovary-cavity, does not penetrate the micropj’lo 
but passes directly into the tissue of the placenta, and entering 
the funielc passes up the raphe into the nucellus by way of 
the chalaza. In the Alder the route is an exceptionally round¬ 
about one, the tube passing into the upper part of the nucellus 
and then bending down again to enter the embryo-sac (which is 
in the middle of the nucellus) at the upper end; a blind recurving 
branch is formed on the tube at its entrance into the nucellus. 

In Il'htla and Abuts there is a single embryo-sac of the usual 
structure, Cmi/h/s ami ('arpinus on the other hand shew a re¬ 
semblance to <«.<>, nr hi a in the formation of a sporogenous tissue 
ft om several axial strands in the nucellus. Several embryo-sacs 
are formed, one (Corylus) or more (Carpinus) of which send blind 
prolongations (caeca), resembling those described by Treub in 
Cusnannn down to the base of the nucellus. In Carpinus the 
pollen-tube enters the bus,- of the caecum and passes up on its 
way to t he deiuut ive nucleus and t heoosphere. Thecourse of events 
m the ovule Of t'nrptnn* so closoK resembles that in Casuarina 
as o ia\ f Migge.-te I a relationship between the two genera(l, 2.3). 
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Two subfamilies may be distinguished; they are often regarded 
as distinct families but have much in common, including the 

chalazogamic route of the pollen-tube. 

Subfamily I. Coryloideae. The male flowers are solitary,_ 
inflorescence being a simple spike; they have no perianth The 
female flowers have a perianth; the bract and P«'r of b ract^les 
unite in various ways in the fruiting stage. There are four 
genera. Ostryopsis has two species in Mongolia and China 
Ostrya has seven species in Southern Europe Asia Minor 
Eastern Asia and North and Central America. Several species 



Fio. 6. Corylun A veil an a A. F1 2' vcnn ? u^drt^Umuns adhering 

i ■» 




of Ostrya occur fossil in Tertiary strata, - 
Curpinus, with about 20 species, is ^dely spread in the northern 
hemisphere. A large number of fossil species ha ,- fT a 

from {he Tertiary, but most of these shew very ^ ^“"Xof 
from the Hornbeam ( C. Betulus ), a native o ‘ ^ 

England, where it forms a small tree with smoothi l.ghit grey ,1bark 

and white wood of close texture; it ex ten s r<) 8 parallel 

Southern Europe to Persia. In the bud the blade is plaited pa.al 
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to the lateral nerves. The female flowers, as in Corylus, are in pairs. 
The hard green fruit, about £ inch long, is borne on the base of 
a leaf}' trilobed bract which is formed by the union of the bract 
and bracteoles and aids in the distribution of the somewhat heavy 
fmit by the wind. Corylus has about eight species, with a range 
extending from Central and Southern Europe to Eastern Asia, 
and throughout temperate and North America. Fossils are known 
from the Tertiary, one species occurring in the Miocene within the 
Arctic zone. The Hazel ( C . AveUana) is a widely spread European 
bush occurring in the British Isles as far north as Orkney. The 
asymmetrical leaves are plaited parallel to the midrib in the bud. 
The female flowers of Corylus differ from those of the other three 
genera in having the carpels placed medianly (fig. 6, E), not trans¬ 
versely, to the subtending bract, which in the fruit forms with the 
bracteoles a green irregularly cut cup surrounding the central nut. 
Bisexual flowers have been observed in the Hazel. 

Subfamily II. Betuloideae. The male flowers are in three- 
flowered dichasia in the axil of the bract, and have a perianth. 
The female flowers have no perianth; their bracts become united 
in the fruit with the bract of the inflorescence. Bisexual flowers 
occasionally occur. There are two genera, Alnus and Betula, both 
British. 


Alnus (Alder). The structure of the inflorescence is indicated in 
the diagrams (fig. 7). In the malecatkin each bractsubtends a three- 
flowered dichasium, the lateral flowers of which have only one 
(the inner) bracteole apiece. Each flower has a perianth of four 
members, opposite which are the four entire stamens. The female 
inflorescence differs in the absence of the central flower and of a 
perianth. The main bract and the four bracteoles unite in each 
case to form the five-lobed “ cone-scale,” which in the fruit becomes 
hard and woody, the catkin resembling a small cone. The fruit 
is a nut with or without a wing. The genus contains 17 species of 
trees or shrubs and is generally distributed through the north 
temperate zone: two species occur in the Himalayas and further 
India, and one (A. jorullensis) extends from Mexico along the 
South American Andes as far as Argentina. Alnus glutinosa , the 
British species, grows in damp situations, ascending to 1600 ft. in 
the Highlands: it also occurs in Europe, reaching nearly to the 
Arctic circle, in North Africa and in West and North Asia. 

lldula (Birch). The bracts of both male and female catkins sub¬ 
tend three-flowered dichasia : the lateral flowers have no bracteoles 
while those of the median flower unite with the bract of the 
inflorescence forming a three lobe.', scale. In the male flower the 
perianth is often reduced to the two median leaves, and there are 
only two. median, stamens, w Inch are divide.!. The female flower is 
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a. 


like that of the Alder. There are about 40 species of trees or 
shrubs, distributed through the north temperate zone, extending 
northwards beyond the Arctic circle, B. glandulosa occurring 
Arctic America and B.nana in Kamschatka and Gireeniand. I 
the Old World thesouthern limit is reached m the Hmiala} anrogo^ 
and Southern China; in the New World in the Southern l mteci 

St Tto'genus is represented in Britain by two widely distributed 
species 8 Belula alba anti B. pubesuns, which often occur togeth 
and frequently hybridise. They are trees genetally reachtng 40 to 
50 ft. in height with a silvery white peeling bark. B. alba 

resinous glands but no hairs • 

on the young branches, and 
acuminate leaves; B. pube- 
scens has young branches 
softly hairy and leaves not 
acuminate. The form of the 
cone-scales is also different 
in the two. They occur in 
Europe and North Asia, 

B. pubescens attaining the 
most northerly latitude, 
often marking the limit of 
tree-growth. 

Belula nana, a bush with 
shortly stalked roundish 
leaves, occurs locally on the 
mountains of Northumber¬ 
land and in the Highlands, 
ascending to 2700 ft. Its 
range includes Arctic and 

Xr t ba°u th 3“, 

species of Ainu* have of 

been described, chieiiy a , an(i a> aro HU p P re«se<i. 
from Tertiary but also . are how- 

from Cretaceous beds. Many of the e ^ on leaves, 
ever, extremely unsatisfactory, being . in the Arctic 

Alnue Kefersteinii was a very widespread si Worlds, 

regions in Miocene times, occurring m both OWMfl Thc 

A^ still larger number of fossils are recorded tho 

genus was certainly present in the Tertiary, 

Cretaceous. 
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Family II. FAGACEAE 


Flowers monoecious (except in Nothofagns ), the male 
usually in catkin-like inflorescences, the female generally 
few. Male flowers solitary or cymose, often with a scale-like 
perianth; a pistil-rudiment is often present. Female flowers 
with an inferior generally tricarpellary ovary, bearing an 
inconspicuous six-leaved perianth; styles three; ovary gener¬ 
ally three-celled with two pendulous anatropous ovules in 
each cell; ovule with two integuments. Fruit with one seed, 
invested at maturity with a characteristic cupule. The embryo 
fills the seed with its large cotyledons. 

Genera 5; species about 400. 


Except in the Beech, where they become aerial and green, 
the cotyledons are hypogeal in germination. As generally 
happens in such cases the leaves immediately succeeding the 
cotjiedons arc reduced to scales and the seedling devotes its 
energies to pushing its stem above the superincumbent 
decaying leaves or surrounding vegetation before producing 
its first foliage-leaves. 

'Hie plants art; generally trees, often attaining a consider¬ 
able size. A bushy growth is not infrequent, as in Holm Oak 
(Qnercus Hex), while some species of the south temperate 
genus Xothofagus have a dwarfed stem. 

In Que.rcn.-t (Oak) and Pamnia (an important tropical 
Asiatic genus) the loaves are arranged spirally, generally with 
a divergence of j?. In Fr,y,ut (Beech) and Nothofagus they are 
distichous and the same arrangement holds on the less 
vigorous lateral shoots of Cuslanea (Chestnut). Many of the 
species arc evergreen. A terminal hud is developed except 
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on lateral shoots of the Chestnut. The stipules are concerned 
only with bud-protection. In Nothofagus the blade is generally 
flat, in Fagus folded along the lateral nerves in Quercus and 
Castnnea folded along the midrib with the halves convolute 
(Castanm) or superposed, convolute or revolute 

The cork-cambium originates in the outermost layer of the 
cortex, and in Fagus persists throughout the life of the plan . 



Xothofagus has dioecious flowers ; the remaining genera are 
monoecious; bisexual flowers occasionally *J r , 

some species of Pasania and Castanaa the 

borne in the lower foliage- or scale-leaf-ax.ls of the 

. fcelakovHky regard, .he nude “tU.™” a, a conden.cd calkin, probably ...» 
with a terminal flower. 
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of the current year, the female in the upper leaf-axils of the 
stronger shoots. In most species of Pasania and Castanea, 
e.g. the Chestnut (C. vulgaris), the upper catkins are andro¬ 
gynous, bearing female flowers only at the base and male 
above. The male flowers of Quercns are solitary and 
have no bracteoles, in Fagus the bract also is absent; in 
Castanea and Pasania they are arranged in 3— 7-flowered 
cymes with six bracteoles. The four to seven perianth-leaves 
are united at the base; the stamens are opposite and equal 
in number to them, or more numerous. In Castanea and 
Pasania the pistil is represented by a hairy protuberance. 

The female flowers are in three-flowered dichasia in most 
species of Nothofagus, Castanea and many of Pasania. In 
Fagus the central flower is absent; in Quercus and in species 
of the other three genera the flowers are solitary. The 
solitary flowers and the flower-groups, except in Pasania, 
are surrounded by the cupule, a cup-like structure bearing 
numerous scales, and formed according to Eichler by the 
union of the bracteoles. Schacht, on the other hand, regarded 
it as an axial structure independent of the bracteoles, the 
scales representing true leaves. In favour of the latter view 
is urged the case of the three-flowered groups of Pasania 
(fig. 9, L), where each flower has a cupule resembling in struc¬ 
ture and mode of development that of the Oak, and outside 
this the typical number (six) of bracteoles. The narrow 
scales at the base of the flower-group in Fagus (fig. 9, H, I) 
represent, on this view, the bracteoles; Eichler regarded 
them as merely the lowest scales of the involueral cupule. 

Celakovsky <D also regards the cupule as a ring-like swelling 
of the axis beneath the flower bearing acropetally developed 

scales. 


The female flower has an inferior tricarpollary ovary and 
a generally -ix leaved perianth. In Castanea (§ Eu-Castanea), 
we find sometimes lour or five, usually six carpels. The 

corresponds with that of the carpels. In 
Castanea and Pasania the stigma occupies the tip of the 

<e genera the upper surface. The ovary 
is three-chambered in its lower part, bearing on each axile 
placenta a pair of pendulous ovules each with two integu- 
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ments. In Fagus and Castanea this degree of development 
is reached before pollination but in Quercus and Pasania 
only subsequently. The pollen-tube enters the ovule through 
the micropyle. 

Pollination is generally described as by wind-agency and this 
no doubt holds in Quercus and Fagus, where the inflorescence 
is pendulous. But in Castanea the large male catkins are directed 
obliquely upwards, are rendered conspicuous by the yellow 
perianth and anthers and have a strong scent; the pollen-grams 
also tend to cling together. The female flowers have a stiff style 
with a somewhat sticky stigma. These factors suggest ento- 
raophily, and the catkins are visited by honey-bees, flies and 
beetles. The male catkins of Pasania are also described as erect 
with styles and stigmas as in Castanea. Mr H. N. Ridley informs 
me that in Malaya the flowers of Castanopsis (which closely 
resembles Castanea) and Pasania have a strong scent and attract 
quantities of flies. 

The development of the macrospore presents several interesting 
departures from the general type(2). In the three genera in which 
it has been studied, Fagus , Castanea and Quercus, certain resem¬ 
blances to that of Casuarina and the Betuloideae have been 
discovered. In Fagus there is a considerable development of 
sporogenous tissue resembling Strasburger’s description of Rosa 
livida, and occasionally more than one embryo-sac is produced. 
In Castanea and Quercus there is no suggestion of a sporogenous 
tissue, but in the former certain cells round the base of the macro- 
spore, which have a similar origin to sporogenous cells of b agus, 
become tracheides. These tracheides are of interest from the fact 
that they are developed also in Casuxirirui from cells of similar 
origin, which undoubtedly represent sterile sporogenous cells. 
In all the three genera the embryo-sac becomes elongated below 
into a caecum. In Quercus the pollen-tube also forms short blind 
branches before entering the micropyle. 

In the development of the fruit all the ovules become 
aborted except one. The one-seeded nut has a leathery or 
hard pericarp. The familiar differences in appearance arise 
from tho various developments of the cupule and the num )er 
of fruits which it surrounds. In CaManeu it forms four 
spine-bearing valves enclosing the three nuts; in Fa/jus our 
bristly segments surround two triangular nuts, in Quercus 
the smooth or scaly cup more or less completely enu ops 
a solitary fruit. 
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There are five genera, two of which, Fagus and Quercus, are 
British. Fagus sylvatica, the Beech, forms woods, especially on 
chalk and limestone. It grows as far north as 60° in Norway, 
and finds its north-eastern limit in a line drawn from there to the 
Crimea. In South Europe it grows only on the mountains, finding 
its upper limit in the Alps at about 5000 ft. A closely allied species 
occurs in Western Asia, two species occur in Japan, and one in the 
Eastern United States. Fossil remains, closely allied to the Euro¬ 
pean and American species, occur in Cretaceous and Tertiary strata, 
and indicate a former wider distribution of the genus embracing 
California, Greenland, Spitsbergen and Iceland. The closely allied 
genus Nothofagus (with about 12 species) occurs in Antarctic 
South America, New Zealand and South Australia. Quercus Bobur 
(Oak) ascends to 1350 ft. in the Highlands and spreads throughout 
Europe almost to the Arctic circle, and ascends to 3300 ft. on the 
Alps; it is native also in Asia Minor and on the Atlas Mts. of 
North Africa. The genus comprises more than half the family, 
containing more than 200 species, chiefly in the north temperate 
zone and the mountains of tropical Asia. It is absent from Central 
and South Africa, South America and Australasia. Many species 
are evergreen, such as Holm Oak ((?. Ilex) characteristic of the 
Mediterranean region and often planted in Britain, and the Cork 
Oak ( Q. suber) a western Mediterranean tree, the bark of which 
yields the cork of commerce. The cupules of Q. vallonea and 
Q. macrolepis are used commercially for their copious tannin 
contents. A number of species have been described from Cretaceous 
and Tertiary formations. Castanea vulgaris (Chestnut), a native of 
the Mediterranean region, is widely cultivated. The genus con¬ 
tains, besides, two species in Eastern North America ami one in 
China and Japan. Allied genera are Castanopsis, with about 
25 species in tropical Asia, and Pasania, with about 100 species 
in Malaya and the warmer parts of the Pacific area. 
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Fio. 9. A-F. Caslanen vulgaria. A- ; floW 3 'E: Single 
male flowers. C. Cyme of female flown,* 3.K FVuit. x *. G-K. Fogus 
female flower in longitudinal section * nl f f ^ rnulo flowers. «l| I. Diagram 
sylvulica. G. Male flower, x 3. H. Cyme K Fruit l. Cyme of 

of same. J. Same in longitudinal action, £ JJ inil , 8CC , io n. 6. bract; 

female flowers of P«omo / AfterBaillon, Eichler and PrantL) 

a, p, bracteoles; c, cupule; p, perianth. (After uamo 


3-2 
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Order 6. CASUARINALES 


Family. CASUARTNACEAE 

Flowers monoecious, extremely simple, in catkin-like 
spikes each in the axil of a bract and protected by a pair of 
lateral bracteoles. Male verticillate, consisting of a single 
stamen with a rudimentary perianth. Female consisting of 
a bicarpellary ovary bearing two long stigmas; ovary uni¬ 
locular by suppression of the posterior cell, with generally 
two parietal ascending orthotropous ovules, only one of which 
develops to maturity. Wind-pollination; fertilisation chalazo- 
gamic. Fruit a one-seeded winged nut protected by the 
hardened bracteoles. Embryo large, filling the seed. 

Shrubs or trees with xerophytic habit, mainly Australian. 
One family Casuarinaceae containing one genus Casuariiuiy 
with about 40 species. 

The habit recalls that of Ephedra in the switch-like branches 
bearing alternating whorls of scale-like leaves which unite at 
the base to form a sheath. Germination is epigeal; the broad 
green sessile cotyledons arc succeeded by a pair of much 
reduced leaves, followed by a number of decussating whorls 
of four leaves resembling those characteristic of the adult 
plant. The number of leaves in a whorl varies with the 
species from 4 to 12. The internodes are furrowed; the ridges 
contain green palisade parenchyma; the stomata are sunk 
in the furrows and protected by long protruding hairs. The 
branches are whorled. 


The anatomical structure of the stem is peculiar (fig. 10, K). 
A transverse section of a young branch shews two rings of 
bundles which alternate. The wood contains vessels, tra- 


ohcidcs, parenohvma and fibres. 

The male (lower spikes are catkin-like and erect, generally 
at the hkU oi branchlets The flowers are in whorls, each in 
the axil of a Inact which with the other bracts at the node 
forms a skeith protecting the young flowers (tig. 10, B); there 
area pan <>* brae:coles and two small median perianth-leaves 
of v. iisn ran ■ only t he posterior is present. The single central 


Stilt!.'!), V. 1 ))<() 

first slim:, and 


'hews a tendency to split, has a filament lit 
a two-lobed anther which opens lengthwise. 



to- 


F 

K 


I * ■ ri 

Flo. 10. Caauarina equiaetifolia. A. Shoot with mah j ; s c „ t open 

B. Portion of male inflorescence, two whorlshe lo»«r «heaitn^ ; ^ br( » ct; 

shewing young flowers. c - Diagram o n ^ ^ tion G f the filament; 
a, bracteole; p, perianth. D. Male Ho anther. E. Female in- 

the perianth-leaves are being earn I p emH l e flower: a, bracteole. 
florescence, with long, protruding stigmas. - with longitudinal 

G. Diagram of same. H. Fruit. I. Lower port <> uclliu !j section 
section of seed; r, radicle; c, cotyledon. J- "j^be; c. chalaza; 

of an ovary shewing functional o\ ule an ^ tu \ iC K. Transverse 

e. embryo-sac; caecum of cnbryo-sac; /». sdeiwichym*; 

8ectionofabranchleh..o.mneran «u < ^ fi vuriouslv enlarged. 

S SS~TcL D. & “ir E„g le .: J — Trcub. 
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Before dehiscence the filament lengthens, the perianth which 
at first covers the anther is pushed off (fig. 10, D) and the open 
anther is then thrust above the sheath (fig. 10, B). The female 
flowers are crowded at the end of short lateral branches. Each 
stands singly in the axil of a bract with apair of bracteoles and 
consists of a bicarpellary pistil in the median plane bearing 
two long stigmas. The stigmas are mature before the ovary 
with its ovules has begun to develop. The ovary is originally 
bilocular but becomes unilocular by suppression of the posterior 
chamber, and contains two parietal ovules each with two 
integuments; the functional ovule becomes connected with 
the base of the style by a bridge of tissue down which the 
pollen-tube (p) passes to the chalazal region (fig. 10, J). 

The course of events preceding fertilisation shews remarkable 
deviations from the normal 1 . A many-celled sporogenous tissue 
is formed from which arise many embryo-sacs and also in some 
species equivalent spirally thickened tracheides. The embryo-sacs 
contain in thoearlier stages the usual eight nuclei, but the antipodal 
colls arc very transitory ; the embryo-sacs form long tails (caeca) in 
the direction of and sometimes penetrating the chalaza. The pollen- 
tube passes from the tissue of the style down the raphe and enters 
the ovule by the chalaza, often passing up the caecum of an 
embryo-sac; the oblique position of the chalaza with regard to the 
raphe facilitates its entrance. The tube may branch at or before 
its entry into the ovule. Only one embryo-sac in an ovary is 
fertilised; “double fertilisation” occurs, and the oospore rests 
for some time during development of the endosperm. The develop¬ 
ment of the embrvo is normal. 

The bracteoles become woodv and form five valves en- 
closing the compressed nut-like fruit which is expanded 
above into a membranous wing. The ripe catkins resemble 
small cones. The embryo fills the seed and is straight, with 
an upwardly directed radicle and a pair of large flat coty¬ 
ledons. 

CrMunrina contains about 40 species and finds its chief 
development in Australia, but occurs also in south-east 
tropical Asia, the Masearone Islands and the islands of the 
Pacific Ocean. 


I nul). M ' S'ir ley ('iiMianmV.s et leur place dans le systtme nature!." 
.Uw//. Ja.:L Holm, Hull, n -or<j, i\, 14. r > (1891). See al.-o Remllc, A. B. “ A new 
Uroup of l !<>\».-r:n_‘ Blunts.’ X'ltural .sWc/ifv, I, 132(1802). 
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The wood is very hard, and that of C. equisetifolia (She-oak), 
which is widely cultivated in the warmer parts of the world, 

is known as iron-wood. 


The foregoing orders have, if we except the catkin-formation 

(an adaptation to wind-pollination which occurs “ ot ^ ll, f “^l 
little in common, and, as has been pointed out differ funda 
mentally in the important characters of ovary. 
rina stands apart in its geographical distribution it is 
dominant Australian type—and in the morphology of its vegeta¬ 
tive^ rg a ns. It shews, however, a striking resemblance m the 
structure and development of ovary and pistil and the events 
associated with pollination to the Betulaceae (especially Car pin us) 
3 it L possible to regard the male flower a. 

reduction from the type of that fami y. difficult to trace 

leaf is obviously a highly adaptive one but it is drfhcult t t 

underlying this adaptation any suggestion of an affinity ' Vlt “ 
Faga£ c<3nna P plays an important part in the sys^m w^ 

not an extremely reduced, form. , n i ants w Jth 

The plants included in these orders are al1 woody p£nta wit* 

flowera 8tMd n urUio^xU r of ^brac^ witlTa P^^^^^^t^wWch 
in Salicaceae) and frequently with an inconspic P f 

in the female flowers is superior. In some fi‘ere o™Mio„- 
a pistil is present in the male flower, and 

ally occur. This supports the suggestion that they are denvec 

from ancestors with bisexual flowers. : n Salicaceae 

The male flower contains few to many st ^ nuinber an d 

the number varies widely, and in Jug relation to the 

arrangement are also indefinite an « absent. In Fagales 
perianth-scales which are, moreove , mbcr to an d opposite 

the stamens are generally few and equ< nnlv is present. 

the perianth-scales. In Casuarina one s ain - important 

The female flower shews wide but t he presence 

characters of the structure of the ovarj stitnnas is general, 

of two united carpels, as indicated by a pair of stigmas, ge 

> Handbuch dtr fiyUematischen Botanik . H. 201. 



40 


FLOWERING PLANTS 


except in Fagaceae. where there are three. The number, arrange¬ 
ment and attachment of the ovules are different in the several 


orders. 

The number of ovule-integuments varies even in the same 
family (Salicaceae). Wind-pollination is very general. Departures 
from the normal structure and course of events in the interior 
of the ovule preceding and during pollination are frequent, 
and chalazogamy occurs in Juglandaceae, Betulaceae and Casua- 
rina. The embryo is straight and. except in Salicaceae where it 
is small and incapable of passing through a resting stage, is large 
with flesh}' cotyledons, which shew a remarkable development in 
the Juglandaceae. 

The members of these orders are, except Casuarina, mainly 
mesophytic trees and shrubs which play a dominant part in the 
forest-vegetation of the northern hemisphere; and there isevidence 
that this was the case also in Cretaceous and Tertiary times, 
during which there was an extension into the Arctic zone; in the 
case of Juglandales the northern development is much more 
restricted at the present day. They pass, as mountain plants, 
within the tropics, where they are sometimes numerous, as Quercus 
and Pasania in tropical Asia, and occasionally reach the south 
temperate zone, as Myrica in South Africa, Alnus, which extends 
along the Andes of South America to Argentina, and notably Notho- 
fngus which represents Cupuliferae in Antarctic South America, 
South Australia and New Zealand. They represent groups thathave 
occupied large areas of the earth’s surface for a very considerable 
time with not specially favourable means of distribution (compare 
Qitereus with its heavy fruits and wide distribution right across the 
northern hemisphere). 


The view most in accordance with our present knowledge is to 
regard them its the surviving representatives of more or less 
diverging lines of development from some early angiospermous 
type or types now extinct. The frequent presence of a pistil- 
rudiment in the male flower suggests a derivation from a type with 
bisexual (lowers, probably with a simple inconspicuous bracteole- 
iike perianth Pollination took place presumably by wind-agency: 
the eat kin-development represents a highly developed adaptation 
ior anemophily and is associated with the separation of the sexes 
in two flowers. It is obviously a great advantage for pollen- 
dispersal In wind to associate the staminate flowers in lightly 
pendulous catkins. Salicaceae are of great interest as illustrating 
a development of cntomophily in the catkin-type of inflorescence; 
a developnu-nt w liich probably proceeded no further; at any rate 
we can trace no derivatives of this family among the existing 
families ot Oicot vlodons. 
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The complete absence of the herbaceous habit, the frequency 
of the chalazogamic method of fertilisation (which occurs also 
elsewhere, as in Alchemilla in Rosaceae), the marked interval 
between pollination and fertilisation, the wide distribution on the 
earth of the families from the earliest period at which we ha\ o 
any precise knowledge of angiospermic vegetation, and further the 
striking differences between the various orders suggest that we 
are concerned with isolated remnants of relatively ancient groups 
which have no descendants among the more highly developed 

orders of our present-day flora. 

Fag&les 



still shared with bracts 


Order 7. URTICIFLORAE 

Flowers generally unisexual, small and regular, with a 
greenish inferior perianth of generally four to five more or 
less united leaves; rarely naked. Stamens equal in number 
and opposite to the perianth-leaves. iere are 1 con . 
carpels, but the ovary is almost always uni ocu 
tains a solitary ovule. Flowers wind-pol na , see( j. 

entomophilous. Fruit a nut or drupe, eon ining - 
the embryo occupies the whole seed, or a fleshy or y 

sperm is present. 
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Herbs, shrubs or trees, with generally simple alternate 
stipulate leaves and cymose inflorescence. A large and 
widely distributed order containing four families which 
are sometimes, as in the Genera Plantarum of Bentham 
and Hooker, regarded as forming a single family divided 
into well-marked tribes. Other systematists prefer to com¬ 
bine these tribes under several families, an arrangement 
which seems more helpful and will be adopted here. Dis¬ 
tinctive characters are found in the habit, presence or absence 
of latex, the inflorescence, the erect or bent position of the 
stamens in the bud, the position of the ovule, the nature of 
the fruit, and the seed. Cystoliths occur in the epidermis 
of many of the genera. 

This order differs from the preceding in the remarkable diversity 
of habit, which includes herbs of various kinds (climbing in 
Humvlus) as well as shrubs and trees. The inflorescence also shews 
considerable variety and in Moraceae includes remarkably special¬ 
ised forms. The simple form of the flower recalls those of the 
preceding orders. The order may bo regarded as derived from a 
simple angiospermous type. 


Family I. ULMACEAE. Trees or shrubs without latex. Leaves 
simple, distichous, of ten oblique: stipules deciduous. Flowers often 
bisexual; perianth of four to seven leaves, stamens isomerous, 
erect in bud; styles two; ovary usually unilocular; ovule 
solitary, pendulous, anatropous. Fruit a nut or drupe. Embryo 
straight or curved. Endosperm generally absent. 


1* amily [[. URTK’ACEAE. Herbs, or sometimes woody, with 
simple stipulate leaves and often with stinging hairs; latex absent, 
blowers unisexual, generally dimerous; stamens isomerous: 
filaments indexed in the bud; style one; ovary unilocular; ovule 
orthotropous, erect. Fruit a nut or drupe. Embrvo straight, 
surrounded by oily endosperm. 

bamily III. MORACEAE. Trees or shrubs with latex, rarely 
herbs. Leaves scattered, stipulate, often lobed. Flowers uni¬ 
sexual. perianth-leaves two to six; stamens isomerous; styles 
tuo ovar\ generaU\ unilocular, sometimes bilocular; ovule 
pendulous, more or less curved. Fruit a drupe, often enclosed 

m the succulent perianth. Embryo generally curved and sur- 
rounded by fleshy endosperm. 
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Family IV. CANNABINACEAE. Aromatic herbs with palmi- 
nervecl, more or less divided leaves and free persistent stipules; 
latex absent. Flowers dioecious; male with five perianthdeaves, 
and five stamens erect in bud; female with a small entire c - 
like perianth; ovary unilocular with two stigmas and a pendu¬ 
lous curved ovule. Fruit a nut. Embryo curved or rolled. Endo¬ 
sperm scanty. 

Family I. ULMACEAE 

The plants are either trees, which may be very large, as in the 
Elm, reaching a height of 125 feet with a girth ot 20 feet or 
bushes, as in species of Celtic or Trenui. The eaves are simp , 
often oblique, and arranged alternately in two rowsenth 
branches. The stipules, which are ether lateral °r intra- 
petiolar, serve only for bud-protection and disappear m 
the unfolding of the leaves. Cystoliths occur ... Cdn, and 
allied genera but are absent in Ulmus. 


m 







Piu. 11. A-G, Ulmua catnpeslris. A. *'J? w £ r '^ ar,n *V, t 'T [f Lran^of inflorescence, 
in longitudinal section. D. Fruit. E. Embryo K B-E «»- 

G. Diagram of flower. H. Diagram of flowero 
larged. (A-D after Wosaidlo; F, G, H after E.thlcr.) 
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The inflorescence of Ulmus forms scaly knobs borne in 
the axils of last year’s leaves. On the outside are a number 
of empty bud-scales; flowers are borne in the axils of the 
inner scales. The arrangement of the scales is distichous 
throughout, as in foliage-buds, or passes gradually into a 
§ or | arrangement above (fig. 11, F). In Ulmus campestris 
Eichler usually finds a single flower with a pair of bracteoles 



12. ('tilt*. A. Cilti? (riru.rvia. Shoot with 
C. ifjufiiitu'ti. C. Mule inflorescence of sumo, 
fr • I' 1 nil of ( . viit longitudinally; 

embryo. (From Jttru.) 


fruit. B. Female flower of 
I), E. Male flower of same. 
e.r, exocarp; cn % endoearp; 


above eu'T fertile braet -scale; in other species flowers or 
flower-bearin'! axes are developed in the axils of the bracteoles 
forming stna'i dirham. i. In Cclhs the flowers are solitary or, 
especially in the male, in infloresecnces (generally cvmose), 
in t lie leaf axils ot s!i >ots ot * lit' current V6ftr 

hi the l.’ms (Ulma.A the Mowers are bisexual; in the other 

. t; more or less abortion of 
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stamens or carpels. The perianth consists generally of four 
to seven sepaloid leaves which are free or more or less united. 
The stamens are equal in number and opposite to the perianth- 
leaves, or sometimes fewer; the filaments are erect and the 
anthers open by a lateral longitudinal slit. The pistil, which 
is often rudimentary in the male flowers, consists in the 
bisexual and female of two median carpels (sometimes 
transverse or oblique); occasionally in Uhnus the ovary is 
bilocular, usually, however, the posterior chamber is absent, 

A single anatropous or amphitropous ovule hangs from the 
apex of the chamber. The abortion of the hinder carpel 
does not extend to the style; there are two linear styles which 

bear stigmatic papillae on the upper surface. 

The flowers contain no nectar and are wind-polhnated. 
Where both sexes are represented in an inflorescence the 
central flowers are generally female, and the later e\ e oping 

lateral flowers male or bisexual. 

The fruit and seed afford characters for separating the 

family into two tribes, namely: 

1. Ulmeae, including Ulmus and three small genera (two 

of which are monotypic’), with a broadly winged fruit, a flat 
seed, a straight embryo with generally flat coty i( ons. 

no endosperm. . . _ . „ 

2. Geltideae (nine genera), where the fruit is a more or >> 

rounded drupe, and the embryo curved with folded or r< 
cotyledons; endosperm is sometimes present 

These differences in the fruit involving different means of 
dispersal are of interest in connection with t le geograp i 
distribution of the two tribes. While Uhnus an * s 
with the winged fruit occur on the main an an 
bouring islands, the Celtideae which, wit i a rec l l 
sweet pulp and hard endocarp, are adapted for sper 
birds, have many representatives on oceanic wan a- 
illustrates the intermittent action of the win as an 
in distribution: except in very violent storms it carries ^ 
and seeds for short distances only at one time, con i 
dropping and picking them up again, and is t u ri ° 
adapted for transport over wide stretches o wa . 

» A monotypic genus contains ono species only. 
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The family is represented in Great Britain by one genus, Ulmus, 
the species of which have been very much confused. U . campestris 
(of British floras) is the English Elm, the tallest and most stately 
species and the commonest in the hedgerows and parklands of 
midland and southern England. It does not bear fertile seeds but 
is propagated by means of its copious suckers. It is not known as 
a native outside England. U. saliva, Small-leaved Elm, and 
U. nitens, Smooth-leaved Elm, occur mainly in the Eastern 
Counties. U. glabra, Wych Elm, a large tree with more or less 
arched branches, and large rough, almost sessile, acuminate leaves, 
is native throughout the British Isles. U . hollarulica, Dutch Elm, 
with a short bole and wide-spreading, usually very long, lower 
branches, a hybrid, probably between U. glabra and U. nitens, 
is a hedgerow plant, producing numerous suckers. U. minor ( slrxcla) 
is the Cornish Elm, pyramidal in outline with fastigiate branches 
and narrow leaves, abundant in Western Cornwall and rare else¬ 
where in Southern England; a variety U. stricta var. sarniensis, 
Jersey Elm, is limited to the south of England and probably not 
native; with the Cornish Elm it is commonly planted in avenues 
in the Channel Islands and some of our south-coast towns. 

The family contains 13 genera with about 130 species which 
are distributed throughout the tropical and extra-tropical parts 
of the world whorover conditions favour the growth of woody 
plants. The northern limit in America is reached at 54° 30' on 
the Saskatchewan, the most northerly station known for the 
American Elm (Ulmus amcricana)] in Asia it reaches 58°, while 
in Western Europe Ulmus glabra occurs as far north as 66° 59'. 
In Miocene times, as indicated bv fossil remains, Ulmus extended 
into Greenland and also westward to California where it is no 
longer found. Celt is, which has its northern limit at the present 
day in South Switzerland, extended at that period into Central 
Germany, fossil fruits having been found as far north as Frankfort- 
on-the-Main. 


The largest genus, ('this. contains about (K) species in the tem¬ 
perate and tropical zones, especially of the northern hemisphere. 
('. australis (Xettlc-t rev). a handsome tree of from 30 to 50 ft. in 
height, is a native of the Mediterranean region, and is also frequently 
planted in the soul h of France and Italy. C. crassifolia (Hackberry) 
is a fine forest tree abounding in the western United States. 

Trema has 30 species in the tropics of both Old and New Worlds; 
Ulmus, 16 species in the temperate regions of the northern 
hemisphere and in the mountains of tropical Asia. The remaining 
genera are monotypic or contain only a few species. 
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Family II. URTICACEAE 

The plants are generally herbaceous, as our nettles, or 
sub-shrubby, rarely forming a bush or tree, as in some 
tropical genera. The leaves are simple, with sometimes an 
alternate, sometimes an opposite arrangement; in the same 
plant they may be alternate on the stem and opposite in the 
inflorescence. With a few exceptions, for instance our native 
Pellitory ( Parietaria ), stipules are present and their various 
positions afford marks for distinguishing genera. Thus they 
are attached on the base of the leaf-stalk, or stand separate 
at its side, or in the leaf-axil (intrapetiolar). In the last case 
the two stipules may be more or less completely united. 




Fio 


a. 13. Cystoliths in Urticac«ac. A Epidermis of , ^urfa^e-vtews 

shewing one cell with a cystolith, highly magnified. . • leanectivclv 

of Ideci of leaf of specie* of Laj^rUa. ( A af i Dc bEv UC 

shewing various forms of cystx.liths, magnified. (A after Uo Bary. 

after Weddell.) 


The milky latex so common in the next family is absen . 
The fibres of the bast are generally of considerable leng i, 
free laterally and firmly attached end to end and hence of 
great value for textile use. In Ramie grass (Boehmeruz ntvea) 
the individual fibre reaches nearly nine inches long, in 
Stinging Nettle (Urtica dioica), three inches. Stinging hairs 
are often present on the stem and leaves. Cystoliths are 
commonly present in much enlarged epidermal cells a 
vary in form and frequency in different species or groups of 
species (fig. 13). They are more or less evident in the dne 

leaf as punctiform or elongated markings. 



48 


FLOW! 


m:u 


SO PLANTS 



hl<: ! 0 Vr ,M, - p J ar ? <,f 1 ‘" ,,on ; s ' -, ‘ nc, ° of rfimea; «. main stem bearing 

•I I -ir of haws. /. m the axils of which arise two foliage-shoots the first 

” h,irue ,, H^Vl?• ^^t V, '^ 0^ fl' Vhi, ’ ,, ,UV r ‘'P pesc ” te ‘J »'> /./,; an inflorescence, 
n, , ! , ' ,l "‘ su PP rv - sse d pair of fore-leaves of each shoot, 

the mi , leaf It M '"’’V"" apparently springs from the stipule, of 
, . m ] af - *; 1 l,iri ot inflorescence of ParitUiria erecta. The inflorescence* 
prmg in pairs from the base of the short foliage-shoot /- the fore leaf is 
here oh rr,e«. up on «he axis of the inflorescence at l b. The naire of bScteol “ 
a. ,-f. a ,1 , etc. are similarly carried up on the axes which they subtend The 
•ranch development of the left-hand side only is earriell out tu the Lure 
of P,, ??'" ° f ma n ,),a « nl » 1 of ft*,mile flower of fJrtica. E Male flower 

Wka : ld F- Female flower of 

(a b, v, d x° s, '* t,o,,: »• K , f. « mud . e„i„g 0 d. 
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The inflorescences are cymose. In the more complete 
cases two lateral inflorescences are borne at the base of a 
much shortened shoot which stands in the axil of a foliage-leaf. 
The arrangement may be further complicated by the absence 
of the bract (fore-leaf) subtending each inflorescence, as in 
the Nettle (fig. 14, A), or by their being pushed up on to the 
axis of the inflorescence below the first bifurcation as in 

Parietaria (fig. 14, B). 



B. En- 


Fio. 15. Hoehmeria cylindrica. A. ° f /, flowers. 

< 8 ^2."e. Fruit withseed in cn,.-section, x 12. 


The short leafy shoot which bears the inflorescences is 
frequently suppressed so that a pair of inflorescences 
sometimes online, are apparently borne in the, ax, of the 
foUage-leaf. In some eases the inflorescence .^ reduced to a 
simile flower The cymes are often much shortened, tn 
flowers becoming crowded into head-like clusters *n«mb 
of which may be borne on an elongated ax,s as m Boehmena 
(fig. 15), the whole appearing like a catkin. d - cioU s. 

The flowers are unisexual, and monocci F(irietar i a ) 

The occasional presence of bisexual flowers (a, in Panetan ), 


R. II. 
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the frequency of a pistil-rudiment in male and several cases 
of staminodes in female flowers point to their derivation from 
a bisexual flower. 

The green perianth-leaves are free, or, especially in the 
female flower, more or less united. They are very often 
arranged in two alternating whorls each of two members, 
followed in the male by two dimerous whorls of stamens: 
3- and 5-merous arrangements also occur. The pistil consists 
of one carpel containing a single erect ovule and bearing 
one style which ends in a brush-like stigma or bears 
along its length long collecting hairs. The flowers are wind- 
pollinated. The filaments are bent over inwards in the bud 
but when mature spring elastically backwards and outwards 
(fig. 14, E), thus scattering the pollen in a tiny cloud. The 
long stigmatic hairs are well adapted for reception of the 
pollen. The fruit is a small nut or drupe, often rendered more 
conspicuous by the persistent perianth which encloses it : 
or the fruits of a whole inflorescence may remain closely 
coherent. J he seed contains an oily endosperm surrounding 
a straight embryo. 


The family is essentially a tropical one, though several species, 

such as our common Nettle, are widely distributed and occur in 

largo numbers in temperato climates. There are about 500 species 

(contained in 41 genera) of which about 33 per cent, occur in the 

New World, a similar proportion in Asia with the Indian Archi- 

pelago, about 14 per cent, in Africa, as many in oceanic islands. 

and only 3 to 4 per cent, in Europe. In the New World and in 

Asia l rticaccae form a much larger percentage of the vegetation 

of the islands than of the mainland, the proportion being 

o to 0 per cent, in the former but not more than 2 per cent in 
the latter. 


/ aruJarta debt Us has a remarkably wide distribution, being 
found from Siberia to New Zealand and from North America to 
Aigentma. ( rhea ht/p+rborea ascends to 15,000 ft. on the Hima¬ 
layas and / . andimla to a similar height on the Andes 

I wo genera are represented in the British Isles. Uriica which 
has about 30 spec,es distributed through the temperate regions of 
both hemispheres, is represented by f \ dinica (Stinging Nettle). 

b - " r 7* ? , 1 P ,luh f er(l (Roman Nettle). The two former are 

general the hast .s a rare plant and occurs only in the east of 

England, chiefly near the sea. Parietaria has seven species, chiefly 
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temperate, rarer in the tropics. The British species, P. officinalis 
(Pellitory of the Wall), occurs on old walls, hedgebanks, etc., it 
is found in Central Europe and throughout the whole Mediter¬ 
ranean region. 

Family III. MORACEAE 

The plants of this family are nearly all trees or shrubs 
(in Dorstenia herbs); it is distinguished from the last two 
families by the presence of latex, which is contained in long 
sacs, especially in the secondary cortex or the phloem. 

As in Urticaceae, there is some variation in the form and 
position of the stipules. In the Mulberry and its allies they 
are small and lateral while in the Figs and allied genera they 
are intrapetiolar, each pair, as may well be seen in the common 
Indiarubber Plant (Ficus elastica), uniting to form a cap 
round the younger leaves. As the leaves unfold the stipules 

fall off, leaving a circular scar. 

They are monoecious or dioecious, the unisexual flowers 
being borne in inflorescences built on the same plan as those 
of Urticaceae. In Ficus (the Figs) the cymes have coalesced 
to form a fleshy hollow axis bearing the flowers on the 
interior surface. The three scales which may often be ob¬ 
served at the base of the fruit are the bract, in the axil of 
which the main shoot is borne, and the bracteoles of its two 
lateral branches, the cymose inflorescences. In Dorstenia the 
coalesced axis is more or less flattened. There are generally 
four perianth-leaves, free or more or less united, and arranged 
in two dimerous whorls, as in the Nettle. In the male flower 
the stamens are generally equal in number and opposite to 
the perianth-leaves. The filaments are incurved in the bud 
in the Mulberry and its allies, or straight, as in Ficus. I he 
number of stamens is sometimes reduced to two or one, as 
in Ficus (fig. 16), Dorstenia (fig. 17), Artomrpus (Bread-fruit). 

In the female flower there are two medianly placed carpels, 
the hinder one of which shews various degrees of abortion. 
In Artocarpus it is sometimes developed, in M or us it is excep¬ 
tionally represented by an empty ovary-chamber; in the same 
genus (fig. 18) and many others its presence is indicated only 
by a style similar to that of the anterior carpel. Occasionally 
the second style is represented only by a small protuberance, 

4-2 
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or it may be absent, and there is no longer any indication of 
the hinder carpel (Chlorophora ). As in Ulmaceae,each chamber 
of the ovary contains a solitary pendulous, more or less 
curved, ovule. The fruit is generally a drupe; the perianth 
becomes fleshy and surrounds it. The coherence of the fruits 
of an inflorescence occurs in a much higher degree than in 
Urticaceae. In Morus (Mulberry) we can still distinguish the 
individual fruits with their enclosing perianth, but in Arto- 
car-pus (Bread-fruit (fig. 19) and Jack-fruit), fruits, perianth- 



Fk.. Ili. Fir us anna. A. Branch with young tigs. B. Apex of shoot with two 
li»s : . 1 . stipule: /, Icnf-scnr. Vertical sect ion of tig; b, basal bracts; m, mouth. 

F>. Section of small [M>rtion of tig shewing flowers. E. Male flower. F. Female 
flower. (From Flor. Jam.) 


leaves and axis become fleshy and united into one solid mass. 
The embryo is generally curved and surrounded by a fleshy 
endosperm. 

1 lie family i-< widely distributed throughout the warmer 
pails ot the earth, containing about 1000 species very un¬ 
equally divided among less than 60 genera. The genus 'Ficv* 
contains 70(t species, and is generally spread through tropical 
and sub tropical regions; many species are epiphytic, 
sometimes forming so tight a network of roots round the stem 
of the host-plant as ultimately to strangle it. 
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The Fig of the Mediterranean region is Ficus Carica. In this 
and other edible species pollination is effected by a gall-wasp 
which lays its eggs in the ovaries of the female flowers and by its 
visits transfers pollen. In several species an interesting adapta¬ 
tion has arisen. There are two kinds of female flowers, long- 
styled and short-styled. The latter are termed gall-flowers, as 
in these the insect lays its egg; they are consequently barren and 



Fio. 17. Dorstenia cordifolia. A. 


torstenxa coraijoita. a. rwm g - ina i e ... ull d 

from ovary, x 2. G. Endooarp in section, shewing seed with mbr>o. 

the style no longer bears stigmatic hairs. 1 ho long-styled beai 
well-developed stigmatic hairs; the insect cannot reach t ho o\ anw, 
and these flowers are the seed-producers or seed-flowers 
Ficus elastica (Indiarubber plant), known m this country j l * 
window-plant, becomes in the damp forests o. India and Mjk « 
a very large tree, covering the ground around its base with its 
much^branched vertically flattened tortuous roots. F. berujalensis 
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(Banyan), like F. elastica , generally starts as an epiphyte, but 
soon destroys its host-tree and with its numerous descending 
aerial-roots covers a large area. A specimen in the Calcutta botanic 
garden has a main stem 45 ft. in girth and a crown of foliage 
900 ft. in circumference. 

Morus (Mulberry) contains 10 species of trees or bushes m the 
temperate parts of the northern hemisphere and in the mountains 
of the tropics. M. alba, a native of China, has been cultivated from 



A 




Fkj. 18. A-C. Morus nigra. A. Male flower. B. Same in vertical section. C. Fe¬ 
male flower in median vertical section. D. Twig of M. alba with male catkins. 
12. Female inflorescence. F. Fruit. A, B, C, E enlarged; D, F slightly 
reduced. 

the earliest times in Asia and since the twelfth century in Europe, 
especially in the Mediterranean region. 

The Black Mulberry (Monts tiigra) has been cultivated in Asia 
and some parts of Europe from a remote period, chiefly' for its 
leavers as providing food for silkworms. A better silk is obtained 
"hen the White Mulberry (J/. alba) is the food-plant. M. nigra 
is said to have been introduced into England in 1548, the first 
trees being planted in flu* gardens of Syon House. It ripens its 
fruit well iu the south of England. 



MORACEAE 


55 


Broimsonetia has two or three species in 

St tt ZSXtZ ‘“"a 

1 r f d r«»“tx^ ( r ‘a, 

“s:sc;vi:^ -— - d 



k,„. . 9 . infll— ' "'■ 

nutritious. Ceeropiu is a tropica,""tew^mS 
which are rich in -outctooo. ’ orm of hollowed 

adaptations for housing and feed g ’ di on the leaf-stalks, 
internodes and development of ™ n t“in only a few 

The majority of the genera ar ® ,n l^us have been described, 
species. Numerous f 08 ^ 1 8 P® C1 determinations are extremely 

chiefly from leaves; many of these detem exjstotl as far 

doubtful, but it seems probable that t g generally 

north as Greenland in period 

distributed in North America and Europe m 

up to Miocene times. 
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Family IV. CANNABINACEAE 

A very small family containing only two genera, Humulus, 
with two species, one of which, H. Lupulus, is the Hop, and 
Cannabis saliva (Hemp). 

They are aromatic herbs with no latex. The leaves are 
palmate or palminerved, with persistent stipules. The flowers 
are normally dioecious, and borne in cymose inflorescences, 
which are loose and many-flowered in the male, few-flowered 



I-ro. '20. II tn/iulu* Lii/mlu*. A. Plan of male inflorescence; /, subtending leaf 
represented only by its pair of stipules. «. B. Bract (6) from female 
inflorescence, represented by its pair of stipules, subtending four flowers. 
C. Plan similar to B but suittending six flowers. In B the a", and in C the 
a' and a" brncteoles are suppressed. (After Eichler.) 


and closely [Jacked in the female. In Humulus it is not un- 
uMial to find both sexes in the same plant, and Tournois 1 has 
shewn that the. monoecious condition can be induced experi¬ 
mentally. The male flower has a five-leaved perianth, and 
five opposite stamen^, with erect filaments. In the female a 
Dial! cup like perianth, with no indication of division into 
pans surrounds the hast; of the central ovary, which is 


•' • •' • v "t. ili;t ). Sit. 9, XIX, 49 (1914). 
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capped by a pair of styles or stigmas and contains a s ng e 
pendulous upcurved ovule. The dry fruit contains a single 
seed with a coded (Humulus) or curved ( Cannabis ) embry 

and a small amount of fleshy endosperm. 

The two species of Hamulus are perennial twining plants, 

the twining following the course of the sun. e “ a ® 
florescence springs from the axil of a leaf which is repre 

sented only by its pair of stipules (fig. 20 A). The .(’[“'“start 
is indefinite, bearing a number of lateral cymes which start 

as diehasia but become unilateral and scorp.oid above, the 






Fio. 21. A. Floral diagram of male floww of o v ^y^C.'Kemale flower 

female flower of Cannabis; fc, bract; p % P® ' V. . flower of Cannabis. 

female flowers form cone-like inflorescences consisting; of 
short axis bearing a number of bracts which are opposite 

below, alternate above. Each bract is re P*' e « owers with 
a pair of stipules and subtends two, four or . . 
a cymose arrangement. A central flower is absent ^ 
but its bracteoles a and /3 each subtend a flower. When mom 

than two flowers are present 

instead of a single flower (fig. 20, B, )■ membranous 

the stipules of the main bract, become large ai 
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and in H. Lupulus (Hop) bear numerous yellow glandular 
hairs which secrete the lupulin to which the plant owes its 
economic value. Hop, which is perhaps wild in England, is 
spread over the temperate parts of the northern hemisphere. 
The second species, H. japonicus, is a native of China and 
Japan; it contains no lupulin-glands. Hemp is an annual plant, 
probably a native of Central Asia, but now generally culti¬ 
vated in warm countries. The male inflorescence is somewhat 
similar to that of Humulus, but the main axis is suppressed 
while its two lateral branches produce each a many-flowered 
cyme. In the female a flower is borne on each side of the base 
of a leafy shoot. Hemp is useful for textile purposes on 
account of its long and strong bast-fibres. The seed contains 
an oil and a cultivated variety of the East contains in its 
leaves a narcotic resin for which it is used in the preparation 
of an intoxicating drink, haschisch. 


The two following orders, Proteales and Santalales, are charac¬ 
terised by typically bisexual flowers, generally adapted for insect- 
pollination. In this connection the generally simple perianth is 
often petaloid and there is a tendency to zygomorphy; the stamens 
are also frequently united with the perianth-leaves. The Proteales 
shew the simpler type of flower, with free hypogvnous petals; in 
the Santalales the petals are frequently united below into a cup 
and the tlower is epigynous. 

Both orders shew market! specialisation to a particular set of 
conditions. Proteales are a characteristic xerophytic group of the 
southern hemisphere, while Santalales are more or less adapted 
to a parasitic mode of life. 

\\ hile-undoubtedly allied to each other, it is difficult to associate 
these orders with other groups. The flowers, considered from a 
biological standpoint, hold an advanced position from the point 
of view of adaptation to entomophily; but the general plan of 
arrangement of the flower suggests its derivation from a type in 
■vvhitrh the different iation of two distinct series in the perianth 
had not yet occurred. 
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Order 8. PROTEALES 
Family. PROTEACEAE 

Flowers bisexual or unisexual through abortion, cyclic, 
tetramerous, regular or sometimes zygomorp nc, 1 
pollinated. Perianth in one series, petaloid ' 

Stamens opposite the segments and usually united w. h them, 

the anthers only being free. Carpel solitary, ovu e ^ 

with two integuments, on the ventral suture. Frmt a follie 

or indehiscent. Seeds without endosperm. 



Flo. 22. Banksia. A. Diagram of pair of ^ T £ . A , K >x of sepal and 

flower-bud. C, D. Opening bud and flower. Same in vertiea! 

anther, a. F. Base of ovary and h yP^/"° u « j bryo . C. D about twice 
section shewing ovule. H. Seed opene . » « p G after Le Maout 

nat. size; B, eTF, G several times enlarged. (A. U. 

and Decaiane; C, D after Engler.) rnnnatelv 

Usually woody plants, with alternate entir P or 

cut leaves without stipules. Flowers in spikes, 

heads, often showy. i i joo 

One family, Proteaceae, with about oO gen 
species mainly in the drier regions of Australia and 

Africa. 
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The plants are usually small trees or shrubs, rarely peren¬ 
nial herbs. The leaves are leathery and remarkably varied 
in form, their shape, position and structure shewing adapta¬ 
tion to xerophytic conditions. They are generally narrow, 
sometimes cylindrical as in species of Hakea , or often pinnately 
or bipinnatelj' divided. The epidermis is more or less strongly 
cuticularised and often hairy-felted or silky; T-shaped hairs 



H'.. 2*{. Branohlet of Bunksia sirratu with fruiting ‘'cone/ x J. 


an* characteristic of the large genera Grevillea and Hakea. 
I lie stomata are variously protected by developments of the 
cufic].' ot the guard cells or by sinking in pits. The internal 
structure is bifacial or centric. The assimilatory ‘tissue is 
protected from excessive insolation often by a vertical posi¬ 
tion ot the blade, and also trequently by the presence of a 
* I " * f ween the epidermis and the 
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assimilatory tissue; isolated sclerotic cells of various shapes 
are often present to prevent collapsing of the delicate cell. 

of the mesophyll from excessive loss of water. 

The family was divided into two groups by Robert Brown 
(who made a careful study of the genera*) according to the 

nature of the fruit, either indehiscent are 

follicular (Follicular^). In the former group the flowen «r 
sohtary in the axils of the foliage-leaves or b r“^ 'n ‘he latter 
usually geminate with sometimes, as mBanksm, an addrtwnal 
smaller bracteole for each flower. The solitary flo ■ 

P .,„ „ o. r ~*** o k r,.™ » 

tlXd by Ms., Oft™ yfmnim*. 

The perianth consists of four leaves placed diagonal!} to 

segment, the anther only being onther is sometimes 

rieT r s :nc:;;i!i 

swellings, very varied in form, sometimes as scales alternat, g 
with the perianth-segments. developed 

The pistil is sessile, or borne on a more o less develop 
gynophore. The style is often long anil thm «d hickur 
only at the end where the stigma -born^there ^ ^ 

pollen-collecting apparatus ontomophilous; a 

flowers are generally t ^ — oph, ^ ^ 

tendency to zygomorphy is f q 0I J side, and the 

sturrts si ^ 

™ otfloLr ^ be deputed by insects 

two or solitary, sometimes numero , chamber 

suture and are anatropous, or hang from the top ot 

-r^rr™.... . 
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The fruit is a follicle or nut, more rarely a drupe; the 
pericarp is generally thick and often, as in Hakea and 
Xylomelum (Wooden Pear), very hard and woody. The seeds 
have usually a thin coat and are often winged and adapted 
to wind-distribution. The fruiting inflorescence in Banksia 
forms woody cones, often very large, in which the dehiscent 
fruits are embedded (fig. 18). 

The great majority of the species occur in those subtropical 
districts of the southern hemisphere in which a wet period alternates 
regularly with a dry period, as in South-west and Eastern Australia, 
and the south-west district of the Cape; the xerophytic structure 
already referred to is associated with this distribution. More than 


half the species are Australian, and more than one-fourth occur 
in the south-west Cape district. Two occur in New Zealand, one 
of which, Knightia excelsa (Rewa-Hewa), forms a large tree reaching 
100 ft. in height. About 30 species occur in New Caledonia, and a 
similar number extend into tropical Eastern Asia; a few species 
are found on the mountains of tropical Africa as far north as 
Abyssinia (Protea), and two in Madagascar. The family is poorly 
represented in South America; there are seven species in Chile and 
36 in tropical South America. 


The more important genera are Protea, 80 species, mainly at 
the Cape, with a few on the mountains of tropical Africa; Leuca- 
dendron (Cape, 70 species); L. argenteum is the Silver-tree; 
Grevillea (Australia, 160 species), Hakea (Australia, 100 species), 
Banksia 1 (Australia, 50 species). Dryandra 2 (Australia, 50 species). 
A large number of fossil leaves, fruits and winged seeds from the 
Tertiary strata of Europe were assigned by Ettingshausen and 
( nger to this family, but the determination is very doubtful. The 
wood is generally hard, but trees large enough to yield timber are 
few; such are the Australian Grevillea robusta and the New Zealand 
Knight ia excelsa. Many species are grown in northern latitudes 
as greenhouse plants (see the temperate house at Kew). Telopea 
npecinsissiwa is the Waratah. the national flower of Australia. 


1 N'nmwl by the younger Linnaeus in honour of Sir Joseph Banks, the great 
patron of Science atul botanical explorer who accompanied Captain Cook on his 
fir>t vovulu* of exploration. I7CSS-1771. 

; Named by R.>b, rt Brown in honour of Jonas Drvnnder. librarian and curator 

o! »si r Banks > herbarium. 
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Order 9. SA1ST AEALES 

Flowers bisexual or unisexual, cyclic, regulai, rarelj \sith 
a tendency to zygomorphy. Perianth generally m one senes 
with the stamens opposite its segments, sometimes petaloid. 
Carpels generaUy two or three, rarely only one; ovary in¬ 
ferior, generally unilocular, with a few naked ovules pendulous 
from the apex or from a central free placenta; or ovules not 

differentiated from the placenta. Fruit a one-seeded nut or 

drupe or a berry-like pseudocarp. Endosperm present, 

generally enveloping the straight embryo. 

Woody plants or herbs often more or less parasitic, n th 

alternate or opposite simple leaves ; leafless in ex reme 

( ^ n ad P “ihe four families here treated, all of which 
have a more or less parasitic habit, there are several alhed 
to Santalaceae. These are the two small families Op.baceae 
(tropics), and Grubbiaceae (South Africa), and the ami y 
Olacaceae (tropics); cases of hemiparasit.sm are recorded 

the last named 1 . . • in the 

The order is allied to Proteales, differing mainly m t 

inferior ovary. It shews remarkable deviations f om the 

normal in the development of the ovule associated «.th tl 

parasitic habit, which takes an extreme form m 

phoraceae in which the chlorophyU-containing ass mil g 

organs have completely disappeared and the female Hou 
has also become greatly reduced. 

Family I. SANTALACEAE 

The plants are liemiparasitic green herbs, shr '* b ^ 
trees, some of which live on branches of trees as in the family 

Loranthaceae, while others are root-parasi s - Thesium 
of the latter is found in the British representatn c, Tk^ 

humifus-am (Bastard Toad-flax). suckers 

attached to the root or rhizome of the host-P^.^ which 

formed on the branches of the primary r • _ zones 

contains about 250 species, chiefly m the temj ’ 

» See Barber, C. A. "Studiea in root-parasitism.’- Mentone of t c epa 
Agriculture in India, i, 1 (1900). 
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with its highest development in South Africa, has generally 
an herbaceous habit, the plants often becoming woody at 
the base, with alternate or opposite narrow one-nerved leaves. 
Osyris (South Europe, Africa, India) is a small genus of 
shrubs, with narrow or broader leaves. Santalum (Sandal-wood) 
with eight to nine species, extending from India through the 
Malay Archipelago to Australia and the Pacific Islands, 
contains small trees or shrubs with generally opposite broad 
penninerved leaves. Other genera, including several Austra¬ 
lian, have a broom-like habit with much branched green 
stems bearing small scale-like leaves; of these. Exocarpus, a 
characteristic Australian genus, bears the hard fruit (a nut) 
on a swollen fleshy edible stalk (Australian Cherry). The 
leaves are exstipulate and generally glabrous. 

The small regular flowers are bisexual or unisexual by 
reduction. They are solitary or in a spike, raceme, or head, the 
flowers standing singly in the axil of the bract, or forming 
dichasia by the production of a flower in the axil of each 
braeteole. 

The flowers have a simple perianth, sepaloid or petaloid in 
character, with the parts more or less united below into a 
tube, and also adnate to a perigynous or epig 3 r nous nectar- 
secreting disc, which is scarcely developed in Thesium. The 
generally four to five lobes have a valvate aestivation. The 
stamens are equal in number and opposite to the perianth- 
leaves, to the base or on the tube of which they are attached; 
there is generally a little tuft of hairs on the perianth-leaf 
just behind each stamen, and the disc may be produced into 
short lobes alternating with them. The short filament bears 
a two-celled anther attached at or near the base. There are 
three to Jive carpels. The ovary is more or less inferior: 
rarely, as in Santalum, nearly superior. It is unilocular, 
having a terminal stylo with a capitate or lobed stigma, and 
containing a central placenta bearing one to five, generally 
three, naked pendulous ovules. Pollination by insects is 
favoured by the nectar-secreting disc, and often by the smell 
of tiie flowers and colour of the perianth.; proterandry has been 
observed in some cases. Where there is more than one ovule, 
only one i> fertile: its embryo-sac becomes much elongated 



SANTALACEAE 

before fertilisation, growing downwards into the tissue of 
the placenta and protruding above into the ovary-cavity. 
The fruit is indehiscent, forming a nut or drupe, containing a 



Fio. 24. Thesiurn alpinum. A ; Pl, |" t d \^ “■ ^ 

removed at a. revealing the tuft of j ham uR i. embryo. 

dried perianth. F. Fru.t m longitudinal accjion."^ ^ ^ dovelo , )ing to 

G. Placenta, />, bearing three ovules, th p x 5-G much enlarged, 

form the single seed. A slightly reduced; B ; . fc. * *£' alHlxc ] 

(After Hieronymus, except C. G after Lc M«o..t and Ueca. 

single seed which has no seed-coat but consists o a qu ^ . g 

white fleshy endosperm, filling the ovary cavi > NV1 radicle 
embedded astraightembryo with an upwardly directed rad.c . 


K. II. 
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The family contains 26 genera and about 400 species which are 
widely distributed in tropical and temperate zones. Besides 
Thesium with 16-18 species, two other genera have European 
representatives, Comandra, which has one species in Hungary 
(the three others are West American), and Osyris ; Osyris alba is a 
shrub widely spread in the Mediterranean region. 

Santalaceae are very closely allied to Loranthaceae, and the 
two families were united by Baillon; they are alike in their 
hemiparasitio habit, poorly differentiated ovule, and anomalous 
embryologj'. Santalaceae are distinguished by the simpler morpho¬ 
logy of the fruit, the 4- to 5-raerous flower, and the constant 
absence of a calyculus. 

Santalum album is the Sandal-wood of Indo-Malaya: other 
species of this and other genera yield useful wood. The sweet 
pericarp of many species is edible. 


Appendix to Santalaceae 

The genus Myzodendron contains nine species of subshrubby 
green plants of temperate South America living heiniparasitically on 
the branches of the Antarctic Boeches. It may be regarded as a 
much reduced ally of Santalaceae. The flowers are very small, 
arranged without bracts or bracteoles in small heads or spikes 
which are again spicate. The male are naked, consisting of two 
or three stamens arranged round a small gland-like disc; the 
anthers are ono-chambered. The female have a superior trimorous 
perianth, and a pistil of three carpels forming a unilocular ovary 
containing a central placenta from the apex of which hang three 
ovules. The fruit is one-seeded and indehiscent, with three wings 
or angles and three long feathery bristles alternating with the 
three stigmas by which the nut becomes attached to the branch 
of the future host. The single seed has a rudimentary seed-coat, 
and contains endosperm surrounding an embryo, the radicle of 
which forms a sucker, and is expelled from the fruit b 3 r the growth 
of the long negatively heliotropic hypocotyl. A full description 
with excellent figures will be found in Hooker’s Botany of the 
A ntarctic Voyage, I. Pt 2. 


Family II. LORANTHACEAE 

% 

An order of hen li parasitic shrubs, having green leaves but 
deriving a considerable portion of their nourishment from 
tin- tissues ot the host-tret' to which they are attached by 
modified roots (suckers or haustoria). The stem-development 
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is sympodial and may form a dichasium as in Mistletoe 
( Viscum) where each successive axis bears a pair of persistent 
green leaves, the growth being continued next season by the 
lateral buds, while the terminal bud produces the short in¬ 
florescence. 

The leaves are simple and entire, frequently thick and 
leathery and long persistent; stipules are absent. 

In germination the hypocotyl grows out from the end of 
the seed, which has become attached to the branch of its 


muM 




\\ 




F. U . ML MM. « ss acpJW 

foVWon/mtg the «L K. X* cut acroe, 

c, calyculus. 

host by its viscid covering, and curving downwards fixes 
its swollen sucker-like ends to the branch (fig. 27, H). Ibe 
rest of the embryo-axis bearing the small cotyledons, which 
have now absorbed the endosperm, is then drawn out from 
the seed-coat and the embryo stands erect; the first pairs ot 
leaves of the plumule are small and transitory, the energy 
of the plant being devoted to producing the haustorium 
(root) which grows from the centre of the attaching sucker, 
penetrates the bark and reaches the vascular tissue of the 
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host. Support and a supply of nourishment being assured, 
the first green foliage-leaves are developed. 

The flowers, which are bisexual or unisexual, stand singly, 
or in dichasia, each in the axil of a bract; a number of bracts 
may be arranged in a racemose inflorescence; when the flowers 
are stalked, the bract is adnate to the stalk. In Mistletoe a 
dichasium of male or female flowers ends the leafy shoot. 

In Dendropkthora and Plioradendron the spike consists of 
two or more nodes with decussating bracts, while the flowers 



Fio. 20. Phoradendron Wattii. A. Portion of male shoot with axillary spikes. 
B. Male spike. C. Petal with stamen. D. Pair of female spikes in position. 
E. Female spike. F. Fruit cut lengthwise; v , viscid layer; c, endosperm; 
c , embryo. 


spring either singly or in vertical rows from the internodes, 
in the tissue of which they are sunk in pits (fig. 26). 


The flowers are regular or with a tendency to zygomorphy; 
the receptacle is cup-shaped and from the edge springs a 
perianth of generally two similar 2- to 3-merous whorls, 
t he members of which are free or united, and small and sepal¬ 
like as in the subfamily Viseoideae (figs. 26, 27) or petaloid, 
often large and brilliantly coloured as in the Loranthoideae 
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Flo. 27. V,.c„n a,lu m A. Oro U »d-pl ? » of . 

bearing branchleU; /, /, the pair ofJ^li g • tho dichasium ends 

branches (<y) will arise; «,«• I . • 1 n 0 wer has (> neriantli¬ 
the growth of the branchlet (the ma o \\&\ c tiower in vertical 

leaves and stamens). B. A male shoot. { - M “ l<L E . Female 

section. D. Same in transverse section. . . * ,J * Fruit , n vertical 

flower. F. Same m vertical section. ! Josnerm. H. Two stages 
section; m, viscid layer; p, Peru» r P• •, by l * 8UC ker-like disc and 

in germination. At a, the plantlct is ■ been c ast ofT and the 

still bears the hard pericarp coat; at b the Wjtor ^ ^ ^ tho 

pair of small cotyledons are seen. • ^ in section, the course of a 

woody tiSHUO of tho branch of the ho* * . , nonetrating tho wood 

haustoriuin on the outaide of the wood with bmnehes gnotra ( , 

at intervals is shewn at h. C-G enlarged. (A. I) alter I-mgier. 
after l jo Maout and Decaiane.) 



70 


FLOWERING PLANTS 


(fig. 25). In the latter a slightly toothed or irregular rim 
(calyculus) is present below the perianth, and is sometimes 
regarded as a calyx. The stamens are equal in number and 
opposite to the perianth-leaves with which they are more or 
less united. In Viscum the fusion is complete, the petal and 
stamen rising from the floral axis as one structure on the 
front of which a large number of pollen-sacs are produced 
(fig. 27, C, D). This separation of the pollen in numerous 
small chambers occurs elsewhere in the family. The ovary is 
unilocular and contains a large central placenta from which 
the ovules are not differentiated. Treub shewed in Elytranthe 
globosa that groups of sporogenous cells arise at three or 
four points, indicating the presence of an equal number of 
carpels; from one of these an embryo-sac is produced which 
becomes remarkably elongated upwards into the tissue of the 
ovary-wall and the style. In Viscum an ovar 3 r -cavity is 
scarcely distinguishable, a group of sporogenous cells is pro¬ 
duced in the placenta, of which generally one only develops 
an embryo-sac. 

Pollination may be effected in unisexual flowers by aid of 
the wind, but in the conspicuous brightly coloured flowers 
of many Loranths the effective agents are insects or small 
birds which come for the nectar secreted in the bottom of the 
perianth-tube at the base of the style. Explosive flowers 
occur, as in several species of Loranthus . the buds remaining 
closed (ill a tap on the apex causes a sudden separation of 
the pedant h -segments and explosive dehiscence of the stamens. 


The small greenish flowers of the Mistletoe (Viscum album), 
which is dioecious, contain nectar and are visited by flies. 

The fruit is a pseudocarp comparable to an apple, the 
ovary becoming united with the receptacular cup to form 
a berry-like, more rarely drupaceous fruit. At the limit 
between the fleshy receptacle and the true pericarp a layer 
°l \ is< id substance is developed. The true pericarp is mem¬ 
branous or crustaceous and contains generally one seed, or 
sometimes, as in Mistletoe, two or three. The viscid sub¬ 
stance causes the seed to cling to the beak of fruit-eating 
buds, to be subsequently rubbed off on the branch of a tree 
in the operation of cleaning. 



LORANTHACEAE ' 1 

The embrvo generally lies in the axis of a fleshy endosperm, 

the cotyledons being appressed face to face ; 

the endosperm is absorbed by the embryo which has 

large fleshy cotyledons filling the seed (fig. -o, ^)- 

The 27 genera, containing about 1000 species, fall into twosub- 

families Loranthoideae and . To the'former belong 

presence or absence respectively© a * G f t he family 

10 genera, including LorarUhus, e 8 - World with a few 
with about 500 species in the tropics of ^ “ Qak a / ld ( chestnut 

extratropical, such as L. europaeus, P< . (h w ith about 

in Central and Southern Europe; and Ps,tta<xinin* ^ 

50 species in tropical America. T e 8 tributed in the Old 

is Viscum, with about 60 species wi > v Hritish representative 
World. Viscum album (Mistletoe) is th° on^y Br tish repre 

of the family; it is found on many ^^J^on and Arceu - 
Oak. Here also belong Dendrophthora, leafless parasites 

thobium ; the last-mentioned is a g© 1 ™* , shewn as curiosities 

growing on Conifers. The “ wooden-roses ^rtnth to the woody 
are the swollen places of attachment of a Loranth to 

tissue of its host. 


Family III. BALANOPHORACEAE 
A family of root -parasites leafless and,ctoopbyll. 

inhabiting the warmer parts of the world. ^ tuber-like, 

are reduced to fleshy yellowishi or reddish^ generally 

branched rhizomes which are attach > vnake d- scale-leaves 
root of a host-plant. The rhizome is generally naked,; s ^ 

are seldom present. The inflorescence is originates in the 

drical axis projecting above ^if^r "breaking through remains 
interior of the rhizome and af growth When young 

surrounded at the base by a sheath,ng ““‘f. portly - 

it bean, numerous scale-leaves. Tie ’ _ ike an d rarely 

stalked flowers are generally crowded in a hca P , mis „ xua i. 

form a panicle as in the Cape have a simple 

and monoecious or dioecious. The & tube with an 

perianth of three to four leaves, unitod . 

equal number of stamens, one m front of each pemuu » 

The one- to many-chambered anthers are generally 

pistil-rudiment is sometimes prese • formed of 

naked, rarely with a superior penanth, the C r two 

one, two or three carpels, with are naked, sometimes 

styles. The ovules, one to three m num 
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reduced to an embryo-sac, and often united with the ovary-wall. 
The fruit is a nut containing one seed which consists merely of a 



Fu - A plant of Ba! anaphora ,lioica. B. Male flower of B. clotigata. 

' ' * ortlou °* ‘ut vertically shewing sterile aj>ex, a, and several 

toners each consisting of an ovary with a single )>endulous ovule and a 

long thread like style. I>. l-ruit of B. t lougnta in vertical section: s, seed: 

endosperm h. Branch of male inflorescence of Sarcophute 

s<nuji,,",H. t. One male flower of same, consisting of three perianth-leaves 

J")“WTi'*' t; - perianth leaf with stamen, in bud. the anther 

ut rOH> { 11 <>'ary of Lap),,, phylum , nn „hilc in vertical section; o, ovule: 

Bsilh!!!’ ’n M ' VV“‘ F VV : . S: B ( '- D - U variously enlarged. (After 

U.ullon. Hooker, Kiehler and Kiurler.) 


flesh \ oily endosperm enclosing at the 
embryo. 


apex a small undifferentiated 
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Little is known about the method of pollination; some species 
are visited by insects, probably attracted by tbo snaj that of 
Sarcophyte sanguinea resembling decaying fish: others are said to 

be rErn P s? l a, n hafstudied the formation of the embryo in different 
species of Balanophora, and finds that the embryo-sac is either 
derived directly from the embryo-sac-mother-cell, " ® f . 

a single division, from the upper daughter-cel . enu ■ 

somatic number of chromosomes . The endosperm f°™ed entirel j 
from theupperpolarnueleus;and afterthefirst division of the.latter 
into a small upper endosperm-cell and a large basal haustorialce 
the cavity of the embryo-sac develops. These resu'hs agrj wid 
those of Treub (2, and Lotsy (31, but their subsequent coimlumons 
that the embryo develops apogamously from endoeper 
appear to be incorrect, for Ernst found that while the ^osi>erm 
cell regularlv develops into an eight-celled mass of endosf«rnu 

the egg-cell" does not degenerate as supposed, but fmrs^ts as 

a small shrunken cell, which after several divisions giveis me 
to a small undifferentiated embryo. The investigations of \ an 
Tieghem and Hofmeister, taken in conjunction with the work of 
Ernst, shew that the embryo of the Balanophoraceao usual , ari^s 
from ihe egg-cell, but that in exceptional cases another cell of the 
egg-gtppamtiis m a v take p a rt in its formation, u u u f 

the genera embryo-formation takes place after fcrtdisa tio , 
in B.eUmgata and B. globosn, and also in f?/,op,. ocnem. .j*M*d* 

and Uelosis guyanensin , it is of a parthenogene 1 found 

There are 14 genera with about 40 species which arc found 

generally in tropical woods and savanna is u . 

attached to the roots of trees or shrubs. The m o 

groups which are often confined to different geographical a eas 

The largest genus, Balanophora, has 11 ‘ ! the 

Malayan region and extending to tropical Australia and the 

The family, which is of doubtful affinity, is here ^ C ^ dthe 
Santalaceae on account of the antepetalous s ai » 
frequency of a 2- to 3-earpellary ovary containing a free placenta. 

REFERENCES 

(1) Ernst A “ Embryobildung bei Balanophora " Flora, n.f. VI, 129 (l»b i). 

2 ST;' M. “L’Organe femellc e, .'Apoganiie d. J 
Bl” Annates Jard. Botan. Buxtenzory, xv, 1 < 
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Family IV. CYNOMORIACEAE 

The genus Cynomorium has been included in Balanophoraceae 
but is now generally regarded as comprising a distinct monotypic 
family ; it has been placed by Engler near Haloragaceae, owing 
to its resemblance in floral structure to Hippuris. It differs 
from Balanophoraceae in the presence of an integument round the 
single pendulous ovule, and of a seed-coat. The flowers are uni¬ 
sexual, or bisexual, with a simple perianth and one stamen. It is 
a monotypic genus found round the shores of the Mediterranean 
and on the Central Asiatic steppes, growing on the roots of 
shrubby or herbaceous salt-loving plants. The plant is of a 
brilliant red colour, whence its name Cynomorium cocctneum. 


Order 10. ARISTOLOCHIALES 

Flowers bisexual or unisexual, cyclic, regular or zygo- 
morphic. Perianth in one series, united or free, petaloid or 
fleshy. Stamens equal in number with the perianth-segments, 
or twice as many or indefinite, free or united with the style 
on a central column (gynostemium). Ovary inferior, four- to 
six-celled with axilc placentas, or unilocular with parietal 
placentas; ovules numerous, generally with two integuments. 
Fruit a capsule or berry. Seeds with endosperm and some¬ 
times perisperm, and a small .embryo. 

Herbs or woody climbers with simple scattered exstipulate 
leaves, or parasitic plants without chlorophyll and much 
reduced vegetative structure. 

1 he position of Aristolochiales next to Santalales is that 
adopted by Engler and Warming. Others regard the order 
as allied to the Ranales, relying on the trimery of the 
flowers, the extrorso anthers and the presence of secretory 
cells in tlie leaves in Aristolochiaceae. Thus Wettstein places 
them immediately alter Lauraceae, and Hallier derives them 
irom the Berberidaeeae through the Lardizabalaceae. It is 
generally agreed that Ratflesiaceae and Hydnoraceae should 
he placed in the- same order with Aristolochiaceae, repre¬ 
senting much reduced parasitic forms. 



ARISTOLOCHIACEAE • ° 

Family I. ARISTOLOCHIACEAE 
A small family of six genera and about 400 species dis¬ 
tributed through the hot and temperate parts of the world. 
The plants are herbs, or have a woody, generally a climbing, 
stem. The leaves are alternate, stalked, simple and entire, 
or sometimes three- to five-lobed, and often have a heart- 
shaped base; in most species oil-containing cells are found in 
the blade, and also in the tissue of the stem. The only 
British species is Asarum europaeum (Asarabacca), a rare 
perennial herb with a subterranean rhizome and a creeping 
aerial stem; the latter is a sympodium; each year’s growth 
is represented by a short axis bearing a few scale-leaves an 
a pair of long-stalked kidney-shaped foliage-leaves; in the 
axil of the upper leaf arises the bud which will continue the 
growth next season while the main axis ends in a flower. 
Other members of the genus (60species) have a similar habit. 

The greater number of species (300) are 
included in Aristolochia, the species of 
which are woody climbers or herbs with a 
perennial rhizome as A . clematitis, a central 
and southern European species which has 
become established near old ruins in some 
parts of England. The flowers in Aristolochia 
stand* singly or several together in a leaf- 
axil; in A. clematitis there are five to ten 
arranged in a zig-zag and below these two 
to five leaf-buds with a similar arrangement 
(fig- 29). 

The flowers are bisexual and epigynous, 
with a simple, generally trimerous, petaloid 
perianth which is regular and bell-shaped 
in Asarum, and zygomorphic and tubular or 
pitcher-like in Aristolochia, having a constricted neck a >o\ e 
a swollen base in which the essential organs are containe , 
and becoming dilated above with a more or les* funne 
shaped mouth. In Asarum there are sometimes present t iri t 
small teeth alternating with the perianth-leaves which may 
represent an inner perianth-whorl. 


t i> 

<Q) 
^ ^) 



Fi«. 29. Ground-plan 
of a group of six 
flowers with four 
foliage-buds bcneat h 
them in the leaf-axil 
of A ristolorhiaclema - 

litis. (After Eichlcr.) 
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The stamens, which vary in number from 6 to 36, are free, 
or united with the style to form a gynostemium. The inferior 
ovary is generally four- or six-celled with several or numerous 
anatropous ovules borne on an axile placenta in each chamber. 

Asarum europaeum has 12 free stamens, and a six-celled 
ovary, the chambers alternating with the inner whorl of six 
stamens. Six is the usual number of stamens in Aristolochia; 


they are arranged on the gynostemium at equal distances 
alternating with the six carpels, or are associated in pairs 
(fig. 30. B). 





H 


G 
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M). A. Moral diagram of Alarum europaeum . B. Floral diagram of Aristo* 
lor In u rft /n at it is. C. Vertical section of flower of Atantm, x. j. D. Portion 
of stem of Anstolochm ch.matilis with leaf-stalk./, in the axil of which are 
flowers of different ages; 1. flowers which have not been pollinated; 2, pol¬ 
linated flowers; X 3. K. A single flower in longitudinal section, before 
pollination; a , anther: j. stigma; o, ovary; nat. size. F. Dehiscing capsule 
of . 1 . hrasihcnsis in its normal pendulous position, x (i. Seed of A . Sipho; 
a. true seed: fc, enveloping outgrowth from the hilum; nat. size. H. Seed 

m section shewing small embryo and copious endosperm. 
(A and B after Kidder; T) after Sachs; C after Lo Maout and Decaisno: 
i • a Iter Schnizlcin. > 


I ho flowers are protcrogvnous and pollinated bv small flies 
chil li are attracted by the lurid, spotted, and evil-smelling 
perianth. In A. cletnaf/fi-s the perianth somewhat resembles 
loaet of Annn mnealatiun on a much smaller scale and 
vita an elongated narrow neck. This nock is lined with 
downward pointed Mill hairs. Before pollination the flowers 
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are more or less ascending with a widely open mouth; flies 
bringing pollen from another flower have easy access to the 
lower chamber, but their return is prevented by the down¬ 
ward-pointing bristles in the neck. The stigmas which crown 
the gynostemium project over the anthers, but after pollinat ion 
they wither and become erect, thereby exposing the dehiscing 
anthers; the hairs in the neck of the perianth also wither, 
allowing the escape of the insect, and the flower gradually 
droops, the mouth of the funnel becoming closed. 

The fruit is a capsule dehiscing septicidally; the seeds vary 
in shape; they are generally more or less flattened, and are 
often partially covered by a spongy development of the raphe 
which separates when the seed is ripe. They contain a 
copious endosperm and a small embryo. 

Family II. RAFFLESIACEAE 

A small family of parasitic herbs, mostly tropical, of which the 
vegetative organs are reduced to a mycelium-like tissue ramifying 
through the cambium and adjoining layers generally of the woody 
root of the host-plant. The flower-buds are produced within the 
host by a local growth of the tissue of the parasite, which breaks 
through and expands above ground, and are either solitary and 
terminal or, in Cylinus, arranged, each in the axil of a bract, in a 
dense spike. They are unisexual, and shew considerable variety 
in form and size; those of Apodanthes, a stem-parasite from tropical 
South America, being quite small, while in Rufflesia (Malay Archi¬ 
pelago) they are colossal and in R. Arnoldi are said to measure a 
yard across. They have a regular spreading superior perianth of 
four, five or six members, preceded, except in Cylinus, by an equal 
number of alternating scale-leaves, while in the centre rises a 
column, the upper surface of which spreads like a disc and in the 
female flower bears the stigmatic surface on the incurved edge; the 
inferior ovary is unilocular with numerous ovules borne on four 
to eight parietal placentas, or consists, as in Rafflesia, of an irregu¬ 
lar complex of chambers bearing numerous ovules on their walls, 
the ovules are generally more or less erect and have a single integu¬ 
ment. The male flowers have an indefinite number of anthers 
arranged in a ring on the lower side of the edge of the column 
or in Cylinus (fig. 31, H) around the swollen head; they vary 
in structure and in the numl>er of the pollen-chambers. 

The fleshy succulent fruit is crowned by the persistent column 
and contains numerous minute seeds with a hard testa, and a 
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few-celled undifferentiated embryo surrounded by a layer of large 
oily endosperm-cells. 

The eight genera, with about 50 species, are mostly tropical. 
They fall into three tribes, the Rafilesieaz in the Himalayan region 
(Sapria), Siam ( Richthofenia) and the Malay Archipelago ( Rafflesia ); 



If.. .51. A-K Rnfflc-'-m. A. Male flower-bud. * sr, enveloping scale-loaves; 
r root of host-plant. I?. Open female flower, x C. Longitudinal section 
through u female flower after removal of the perianth; o, ovary-cavity, 
roofed by the tint stigma-bearing disc; a, indicates position of stigmas; 
*’ style like processes from surface of disc. D. Three anthers from a male 
flower, tv Section of one anther. F. Seed from which the testa has been 
removed, shewing the one layered endosperm, cm, surrounding the embrvo, 
V L ( utoyi.'. ti. Plant growing from the mot of Ci*tu*, r. H. Loiigi- 
t i lmnl section through male flower. I. Longitudinal section through female 
flower; <>. ovarv cavity. . 1 , Portion of cross-scotion of ovary, shewing two 
i.irn n rs K Diagram of male flower. L. Diagrammatic section of ovary 
V. r - «• position of stigmas. H. I.J enlarged. (B. Eafter It. Brown; 

I Ct.-r >o.ms; <. .! after /.• Maout and Decaisnc; K. L after Eichlcr.) 

t \v' I n , )“(u with A pixlanthrs in South America, and Pilostijles . 
mum! v South VmenVan. but with species in South California, 
A h ;.r . i West.-in Asia; and the Ci/lineae with Ct/tinus , which 
! u ' d"'' ' **«' ( ape of Cootl Hope while another, C. Hypo- 

' 1 ' • 11 "ii t foots of Ct-itus, accompanies its host through- 
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out the Mediterranean region, extending northwards along the 
Atlantic coast of France, and Bdallophyton with two species in 
Mexico. The family is thus a widely distributed one. 


Family III. HYDNORACEAE 

Contains two genera only, Hydnora with about eight species 
in Africa and the Malagasy Islands, and Prosopanche with a single 
species from the pampas of Argentina. The vegetative structure 
consists of a branched creeping cylindrical or angular rhizome 



Pifi 32 A. Hudnora africana ; rhizome bearing flower-budij in various stages, b f 
and an open flower,/. B. Flower in section shewing two perianth leaves 

and ^omwponding stamens, a; «. stigma: o. nlacentas bearing ov^ os 

C. Prosopanche : embryo-sac with its contents c buried in the tissue of tin 
nlocenta D Ripe seed of same in longitudinal section, t. embryo. 
iI“n“o7perm ; ^r,«perm. A and B I-.*;; C and »».h™ arg-d. 
(A after Sachs; B after R. Brown; C after De Bary; D after Solms.) 

growing from the point of attachment to the woody root, generally 
of an Acacia or Euphorbia. From the rhizome spring large fleshy 
solitary flowers which project above the surface of the ground 
The flowers are bisexual with a whorl of three or four thick tlesh> 
perianth-leaves united below into a tube which springs from the 
top of the ovary; the lobes have a valvate aestivation. 1 
stamens, which are equal in number to the perianth-lobes, f 
in Hydnora a sessile 3- to 4-rayed ring ii^ide the perianth-tube 
containing on the upper side a large number of pollen-sacs "hich 
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open by longitudinal slits. In Prosopanche, which has a trimerous 
flower, the three stamens are united into a cap covering the stigmas 
and three alternating staminodes. The ovary is unilocular, and 
is roofed in by a large number of flat closely packed placentas, 
the upper surface of which forms the stigma while the lower grows 
down into the cavity of the ovary and bears, in Hydnora, on its 
surface numerous orthotropous, sessile ovules each with a thick 
integument; in Prosopanche the ovules are reduced to naked embryo- 
sacs buried in the tissue of the placenta (fig. 32, C). The fruit has 
a tough outer layer which splits obliquely and encloses a fleshy 
pulp in which are numerous spherical seeds, with a hard seed-coat. 
The small undifferentiated embryo is surrounded by both endo¬ 
sperm and perisperm, the cell-walls of which are much thickened 
and homy (fig. 32, D). 

This family is often included in the last, from which it is dis¬ 
tinguished by the structure of the androecium and of the ovary, 
and by the presence of perisperm in the seed. 


The following three orders represent natural and well-defined 
groups which occupy at the present time a somewhat isolated 
position. 

The flowers may be extremely reduced and naked, though 
usually bisexual, as in Piperales, but are generally provided 
with a perianth, which in Polygonales consists typically of two 
similar whorls. Centrospermae include a large series of forms 
ranging from a simple type of flower resembling that of Urticales 
to elaborate forms with well-differentiated calyx and corolla, 
a double series of stamens and a highly developed many-ovuled 
pistil, and shewing an advanced stage of adaptation to insect- 
pollination. 


Order 11. POLYGONALES 
Family POLYGONACEAE 

Flowers generally bisexual, small, regular, usually borne 
in large numbers in compound inflorescences; trimerous (more 
rarely dimerous) and cyclic, or acyclic. Perianth hypogynous, 
generally uniform, more rarely the outer and inner whorls 
<litterent. Stamens usually six to nine, sometimes fewer. 
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Carpels superior, generally three, rarely two; ovary uni¬ 
locular containing a single erect orthotropous ovule. Flowers 
wind- or insect-pollinated. Fruit a three-sided or biconvex 
nut. Seed containing a more or less excentric or lateral 
embryo which is variously folded or straight, and a copious 
mealy endosperm. 

Herbs, rarely shrubby or arborescent plants, with generally 
spirally arranged simple leaves with an ocreate stipule. 

One family, Polygonaceae, containing about 32 genera and 
about 800 species, chiefly in the north temperate zone. 

Allied on the one hand to Urticales, on the other to the 
earlier families of Centrospermae; compare the general 
structure of the flower and the unilocular ovary with a single 
ovule. The intrapetiolar stipule noticed in some members of 
Urticales is, as the ocrea, a constant character in Polygonales. 
An interesting feature is the multiplication of the stamens 
and the relation between the two-whorled trimerous and the 
acyclic perianth. 

This is a very natural group, the members, though shewing 
considerable variation, having certain well-marked features 
in common, namely, the unilocular ovary with a solitary 
erect ovule, and an easily observed leaf-character, the almost 
constant presence of an ocrea. The ocrea is absent only in a 
group of genera which, with one exception, are practically 
confined to Western America, most of the species inhabiting 
either California or Chile or both. The exception is Koenigia 
islandica , a small low-growing annual, often not an inch high, 
which grows in arctic and subarctic regions, and in the 
Himalayas. 

The stem is herbaceous or sometimes woody ; and very 
often swollen at the nodes. In Muehlenbeckia platyclada , a 
native of the Solomon Islands, the stem and branches are 
flattened, forming ribbon-like cladodes, jointed at the nodes. 
Climbing species also occur, as for instance our native Poly¬ 
gonum Convolvulus (Black Bindweed). 

The leaves are scattered, simple and generally entire, t ey 
are sometimes lobed as in Rhubarb {Rheum) and ofUn in 
Sheep’s Sorrel {Rumex AcetoselUi). They are mostly smooth, 

6 
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but sometimes, especially in mountain species, woolly or 
covered with a thick felt. The edges of the leaf are 
rolled back in the bud. Crystals of calcium oxalate are 
frequently present in the cells. The small flowers are borne 



Fif*. 'M. A. Floral diagram of Plcrostcgia shewing persistent winged bracteoles, 6. 
15. Floral diagram of Rheum. C*. Floral diagram of Rumtx . D. Flower of 
Rheum officinale in vertical section; d 9 nectar-secroting disc. E. Floral dia¬ 
gram of Koenxjia; h 9 bracteoles. F. Fruit of Triplan's. G, H. Dimorphic 
flower of Polygonum Fagopt/rum 9 shewing long- and short-styled forms; 
7 , nectar elands. (A, B,C\ E after Eichler; D after Luerssen; F after Dammcr; 
G, ! I after II. Muller.) 

in large numbers in compound inflorescences, the branches 
of which are cymose. They shew two forms of arrangement, 
cyclic, with regularly alternating isomerous whorls, and acyclic. 
In !*terosfe<jio , a monotypic Californian genus, which derives 
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its name from the fact that the two bracteoles persist and 
form each a winged bladder enveloping the fruit, there are 
five regularly alternating whorls, each of three members 
(fig. 33, A). The two outer belong to the perianth, then 
follow two staminal whorls, while the triangular ovary 
occupies the centre. Other arrangements may be derived 
from this type by multiplication or suppression. Frequently 
doubling occurs in the outer whorl of stamens, as for instance 
in Rheum (fig. 33, B), or Rumex (Dock) (fig. 33, C); in the 
latter the inner staminal whorl is suppressed. In Koenigux 
often only one perianth-whorl and one staminal are developed 
(fig. 33, E). More rarely the cyclic flowers are dimerous, as 
in Oxyria (Mountain Sorrel), a monotypic arctic-alpine genus ; 

the outer staminal whorl is doubled (fig. 34, C). 

In acyclic flowers a 5-merous perianth is followed by a 

5- to 8-merous androecium. 


Karl Schumann 1 found that in Polygonum the order of develop¬ 
ment does not foUow a spiral arrangement but depends on the 
growth of the floral axis and the mutual pressure of the members 
organs being produced where there is most room. The order o 
succession of the perianth-leaves is indicated in the figure (fig. 3 , 
A). The first staminal rudiment is posterior; tins is quic y 
followed by a pair opposite sepals 1 and 2, which 1,nme < ia *J 
split lengthwise, next arises one opposite sepal 4 and finally one 
opposite sepal 5. In P. Bislorta (fig. 34, B) the rudiment opposite 
sepal 4 also splits and there are eight stamens in the flower. Ihrt 
of these, namely the single ones opposite sepals 3 and o and th 
one of the antero-lateral pair which is nearest to sepal 1, stand 
higher in the floral axis and form the inner whorl; the pistil 
originates in the triangular space left between them. In . 
tale (fig. 34, A) the staminal rudiment in front of sepa14 does not 
split, and the development of the pistil is governed by the pressun 
of the two inner stamens and forms a transverse P air of 
In P. tinctorium, sepal 5 and the associated stammal rudimen 
may also disappear and a regular dimerous flower results vh , 
according to Schumann, exactly resembles in arrangement that 

of Oxyria digyna (fig. 35, C). In P. diospynfohum (fig 34 1) 
inner whorl of stamens is absent altogether Outgrowths of _ 
receptacle of the nature of glands (disc-developments) may occur 

within the staminal series (fig. 34, A, B). 

i New Untersuchungcn liber den DliUhenanschlnsa, 1S90, 327. 


t—2 
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The perianth-members even when occurring in two distinct 
whorls are generally all alike, and green, white or red. They 
are free or more or less connate, and persist till the fruit is 
ripe, often playing an important part in its distribution. Thus 
in Rumex (Dock) the three outer leaves remain small but the 
three inner grow -considerably and completely envelop the 
fruit which appears surrounded by three membranous wings 
(fig. 30, C). One or more of these wings may bear on the 



A B 



I ks. 34. Moral diagrams of A. Potygunum orientate; B t /*. li is tort a ; C, P. tinctorium 
and Ori/nn tltqyna; D, /*. diospyrifolium. The figures indicate the order of 
succession of tin* sepals. The shaded portions inside the stamina! series 
represent the disc-development. (After K. Schumann.) 


back a 
object . 


la rue flesh v wart 
* * * 

Frequently the 


(callus), which forms an attractive 
wings are provided with bristles 


which 

bards 


are often hooked at the tip and will readily cling to a 
leathers or anything soft or furry. Less often it is the 


outer i 
but ion 
w lien* 


tenant h-whorl which functions as an agent of distri- 
is in the tropical South American genus Triplaris , 
the three outer leaves develop into long fiat mem- 
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branous, almost erect wings, the whole appearing like a 
shuttlecock (fig. 33, F). 

Pollination is effected by wind- or insect-agency or in some 
cases by incurving of the stamens on to the stigmas of the 
same flower. The Docks ( Rumex) are wind-pollinated and 
have large, brush-like stigmas; the flowers are moreover 

pendulous on slender stalks (fig. 36). 

Rheum and Polygonum are entomophilous and have accord¬ 
ingly capitate stigmas and nectaries near the base of the 
stamens (fig. 33, D, G, H). The flowers are rendered con¬ 
spicuous chiefly by association in large numbers, or by 
crowding, as in Polygonum Bistorta (Bistort). 



aiction; c, embryo: t, ra.do.perm. (From flor. Jam.) . 

Species of Polygonum afford an interesting senes of adaptations 
for favouring cross-pollination, or failing this, self-poUmation. 

In Buckwheat (P. Fagopyrum) the flowers ^e dimorph.c 

G H) They are made conspicuous by their white or P » 

their number, and their perfume. N«tar secreted by eight gland^ 

at the base of the stamens, lies at the bottom of the shallow out 
spread perianth and is accessible to short-lipped idmoU. 0 £ 
eight stamens the five outer dehisce introrsely, the ‘^e inner 
extrorsely, and as the nectary stands between the two series, 
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insect-visitors will get dusted, with pollen on both sides. The tw r o 
forms of flower have respectively long styles and short stamens or 
short styles and long stamens, the anthers in one form being on 
a level with the stigmas in the other form. H. Muller records 
41 species of insect-visitors, nearly all bees or flies. In P. Bistorta, 
the crowding of the flowers in a spike and their coloured perianth 
make them conspicuous. Nectar is secreted by eight red swellings 
at the base of the stamens. Cross-pollination is ensured by dicho¬ 
gamy, the flowers being markedly proterandrous. In the first 
stage the anthers protrude from the flower and not until these 
have dehisced, withered and mostly fallen do the long styles pro- 



Fio. 36. It timer ofitusifalius . A. Portion of panicle in fruit. B. Flower. C. Per¬ 
sistent perianth enclosing fruit. I). Fruit with persistent perianth cut 
lengthwise. K. The same cut transversely. F. Fruit cut lengthwise at right 
angles to 1). (J. Leaf, a, callus; c, qotyledons; e, endosperm; r t radicle. 
(From Flat. Jnm.) 


trade their stigmas. In P. Persicaria the white or red flowers are 
crowded in a short spike. Owing to the smaller size of the flower 
and the spike, the absence of perfume and the smaller supply of 
nec tar, insect visits are much rarer than in the two preceding cases. 
" I' ‘ s therefore," to quote Hermann Muller, *‘of more importance 
for self-fertilisation to bo possible in default of insect-visits, than 
for cross fertilisation to be absolutely insured when insect-visits 
do take place.’ The structure of the flower is therefore different 
from that of P Fagoju/n/rn and P. Bistorta. At the base of each of 
the five perianth-segments is a gland secreting a thin layer of 
nectar Alternating with the perianth-segments are five stamens 
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spreading outwards away from the stigmas which ripen at the 
same time and stand on the same level with the anthers. The 
other three stamens are reduced in size or have entirely disappeared. 
When present they bend towards the middle of the flower and 
come in contact with the stigmas, effecting self^pollinaUom In 
P minus the flowers are about as large as those of P Persiaina nit 
are green and form looser spikes and are therefore less 
and less visited by insects. Muller finds accordingly that the inner 
series of stamens which curve inwards persist much more fj^ently 
than in P. Persiaxria. Finally in P. amculare (Knot-grasslthe 

flowers are solitary and very small. They are 

without nectar, and are very rarely visited by maecta. lh \ 
pollinate themselves by the incurving of the three■ inner stam . - 
The efficiency of self-pollination in this case is demonstrated by 
the facts that every flower sets seeds and that Knot-grass is one 

of our commonest weeds. # 

The fruit is a dry one-seeded nut, three-sided w en, as 

usual, three carpels were present in the flower, two.-si ec 
when, as in O^ria, it was bicarpellary; both forms somet.mes 

occur on the same plant, as in Polygonum ft™™ T 
seed contains a nutritious mealy endosperm in.which the 
straight or curved embryo is more or less embedded In 
Buckwheat the cotyledons are folded on one anot her appeanng 
in transverse section to be twisted in the form of the 
S with endosperm occupying the sinus. 

The north temperate zone is the principal home of: the : Unay. 
Of the 32 genera a few only are tropical; Coccoloba Jor instance^ 

which is also remarkable for the penant 1 ca i America 1 

fruit, has 125 species confined to tropical and subtropical America 

Relatively fev^pecies are found in the the 

as Koenigia islandica and Oxxjna dujyna , in the co d P l 
northern! A few genera and species have a very wide distribution. 

Polygonum, for instance, occurs in all the five cont ^ ^; s P r ^ 
from the limits of vegetation in the northern htnn. . . djJ 

mountains of tropical Africa and the Cape, 8 } 

of tropical Asia to Australia, and in the New World as fa sou b 
as Chile. Most of the genera, on the other han<^ have aj.mitec> 
distribution; four occur only m California, oi cenera 

Mexico, another to the island of San ^ om, ”8?- . ste ppe plants 

(Atraphaxis , CaJligonum and Pteropyrum) ar ® ‘ leaves Rheum 
forming shrubs with slender woody stems an«l small lea\M. ^ 

(Rhubarb) is central Asiatic; the rootstocks of several species 

» C. Uvifera (Sea-aide Grapo> ia u amall tree common on the sl.orea 
Indies and eastern tropical America. 
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long been used in medicine. Three genera are represented in the 
flora of the British Isles: Polygonum by 14 species; P. aviculare 
and P. Convolvulus are common in fields and waste places, 
P. Bistorta, P. amphibium, P. Persicaria and P. Hydropiper occur 
in wet or damp situations, while P. maritimum is a sea-shore plant 
of the south-west of England: Rumejc, by 14 species, several of 
which are common in waste places; R. Acelosa (Sorrel) contains 
a large amount of acid-potassium-oxalate: Oxyria digyna (Moun¬ 
tain Sorrel), taking its generic name from the acidity of its leaves, 
is an alpine plant found from North Wales and Westmorland to 
Orkney and also in the south-west of Ireland. 


Order 12. PI PE RALES 


Flowers generally bisexual, but sometimes unisexual, 
minute, without a perianth, arranged in spikes, and each in 
the axil of a bract; bracteoles absent. Stamens (one to ten) 
and carpels (one to four) variable in number, but the flower 
may generally be derived from a trimerous type. Carpels 
free or united. Ovule with two or sometimes one integument, 
orthotropous, usually solitary. Seed relatively large, con¬ 
taining a small embryo at the apex of a copious endosperm, 
or endosperm and perisperm are present. 

Generally herbs or shrubs with entire leaves, stipules 
present or absent; oil-containing cells are present in the leaves. 

Mainly tropical or subtropical containing the important 
family Piperaceae and two small families. 


Allied to the last order (Polygonales) in the trimerous rela¬ 
tion of the flower and the orthotropous solitary ovule but 
regarded by Engler as representing one of the most primitive 
types of Dicotyledons and placed by him near the head of the 


group. A rel 
Piperales and 
there is some 
inflorescence. 


ationship has also been suggested between 
the monocotyledonous family Araceae to which 


resemblance. 


especially in the character of the 


Family 1. 

1'lowers generally in lies 
a basal orthotropous ovule 
integument. Seed with cm 
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hy spikes. Ovary one-celled with 
. in Peperomia has only one 

losperm and perisperm. 
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Herbs or shrubs, sometimes lianes, rarely trees, with more 
than one r in g of vascular bundles in the stem. 

Widely distributed in the tropics of both hemispheres ; a 
few species are extra-tropical. More than 1300 species, mainly 
included in the two large genera Piper and Peperomia ; there 


are also seven small genera. 

The species of Piper (over 700 in number) are generally 
shrubs, often climbing, rarely trees or herbs, with scattered 
conspicuously nerved stipulate leaves and terminal spikes o 


M U 



■nr 


FlO. 37. Piper nigrum. A. Shoot bearing spikes of fruit * J. ^^’in' Umgb 

of flower-spike shewing three flowers, x 4; b brac^ C. Fruit in Jong 

tudinal section, x 4; e, embryo; n, endosperm, p, perispcrm. ( 
flowers which become pushed aside and leaf-opposed by the 
development of the axillary bud. The species o eperomi 
(over 600) are annual or perennial herbs, often fleshy, 
exstipulate leaves which are sometimes opposite or whorlea, 
the spikes are terminal or axillary; sometimes, as in Piper, 
opposite the leaves. In Mexico, Central America an on 
the mountains of South America, reaching an a iu e 
13,000 feet above sea-level in the Andes of Peru and Bolivia, 
are a number of geophilous species (i). These are o ten e 
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than 2-5 cm. high and have a tuber formed from the swollen 
hypocotyl suggesting a miniature Cyclamen, or a short 

thickened rhizome. 

The naked flowers are often more or less sunk in the fleshy 
axis of the spike on which they are generally closely arranged, 
each in the axil of a bract, the form of which is very variable. 



Fn;. .‘IS. Prptromia. A. Shoot boaring (lower-spikes of P. pellucida, x f. B. Por¬ 
tion of tlowvr Kpike of the same, x 8. (\ Bract, 6, with flower, of P . blanda 
much enlarged. I). Same in longitudinal section. (C, D after Baillon.) 


The number of stamens varies from one to ten, but most of 
the flowers may be derived from a trimerous type with two 
whorls, each of three stamens, and a triearpellary pistil, as 
occurs in riper Anutlayo ; in other species of Piper the two 
posterior members of the inner whorl are absent, or the 
whole inner whorl. P. niyrum has two stamens only, the 
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posterior one of the inner whorl having also aborted (fig.-37, 
B), and this arrangement is constant in Peperomia , which 
may be regarded as a constantly reduced form. In Piper, 
section Ottonia, the flower is usually tetramerous. The number 
of carpels is indicated in Piper by the stigmas, two to four 
(or rarely five), which are sessile or borne on a short style. 
In Peperomia the stigma is simple (often brush-like) and 
frequently lateral. The one-celled ovary contains a single 
erect ovule springing from the base of the chamber with one 
(Peperomia) or two integuments. The small berry contain* 
a large seed, at the top of which is a small embryo enclosed 
in a fleshy endosperm below which is a copious mealy peri- 


sperm. 




A B 

Fio. 39. Diagrammatic cross-sections of the atoms ’ Ti'ufXrk 

omia magnoliaefolui, shewing position of t (After Encler.) 

ring in A represents eclerencTiyma. m B collenchyma. (After tmgi , 

The internal anatomy is of exceptional interest. The stem 
contains, besides an outer ring of bundles which may become 
united to form a continuous ring producing a s lea 
secondary wood, also a number of internal un es w 1 . 
are scattered or arranged in one or two rings as 
transverse section. In Peperomia the outer ring o 
does not become united and the general arrangemen 
verse section recalls that of a monocotyledon ( §• » 

bundles are, however, open. In the fleshy leaves of P fP™ n ™ 
a well developed aqueous tissue is formed below the upp 
epidermis. Resin- or oil-containing secretory sacs aregener 
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distributed, both in the epidermis and ground-tissue; to these 
is due the sharp aromatic taste of the fruits, leaves and roots 
of many species which are specially rich in these sacs. 

Pepper is prepared from the dried berries of Piper nigrum ; other 
species also yield similar condiments. 

The genus Peperomia which, as already noted, differs from 
Piper in the constant reduction of the floral type, the presence of 
a single integument around the ovule, and an apparently reduced 
type of stem-structure, shews also a remarkable departure from 
the normal course in the development of the female gametophyte. 
The usual polarity in the embryo-sac is absent. The first four 
nuclei produced are large and arranged tetrahedrally; from these 
16 parietal nuclei are formed, one of which at the microp 3 dar end 
forms the egg, an adjoining one functions as a synergid, eight of 
the remaining nuclei unite after fertilisation to form the primary 
endosperm-nucleus, and the remaining six preserve their parietal 
position and are finally cut off by walls and do not in any way 
suggest antipodal cells. Campbell ( 2 ) regards this as a primitive 
state, and points out the striking similarity with Gnelum amongst 
Gymnosperms. Johnson (3), however, infers from the result of his 
investigation of the development in Piper and Heckeria, in which 
the embryo-sac contents are normal, that the course of events in 
Peperomia is specialised rather than primitive, a view which finds 
support in the indications of reduction in floral and stem-structure. 
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The small family Sairi-haceae differs from Piperaceae in the 

structure of the pistil which contains three or four free or united 

cat pels; the two or more orthotropous ovules are borne on the 

edges of the carpels or, when these are united, on the parietal 

placentas. I he stem structure differs in having the bundles 

arranged m one ring. There are three genera: Saururus, with one 

sperms in hastern Asia and one in Atlantic North America; and 

mono, ypie genera, Ilouttuynia (Himalaya to Japan) and 
A /f Til Iifnrmn \ 


nuopvis (California). 


iii.oHA nthaceae is a small family of tropical and subtropical 
shrubs or trees with opposite simple stipulate leaves and 
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spikes or cymes of small inconspicuous flowers, which are bisexual 
or unisexual and have sometimes a rudimentary perianth Th 
stamen is solitary or there are three which are united with each 
other and with the ovary. The ovary consists of a single carpel 
with one orthotropous ovule hanging from the apex of the cham . 
The fruit is drupaceous; the seed contains a large amount of 
fleshy oily endosperm and a small embryo at the top. Th 
vascular bundles are arranged in a single ring in the transverse 

section of the stem. 

Order 13. CENTROSPERMAE 
Flowers bisexual or unisexual by reduction, regular, 
generally pentamerous. Perianth simple or in two senes, 
the inner of which is petaloid. Stamens in one or two senes 
rarelv many hypogynous or sometimes pengynous. C arpc 
one to fivefrardymore, usually united and forming a ex¬ 
celled, rarely several-ceUed, superior, rarely inferior ovary 

and containing l-°o campylotropous, more rarely anatrop^- 

ovules with generally two integuments. Pollination anem 
philous or entomophilous. Fruit generally a capsule or nut. 
rarely baccate. Embryo large, curved round the penspe™. 

Generally herbs with simple, usuaUy exstipulate alte 
nateor opposite leaves. Several families are characterised 

by abnormal stem-structure. . f 

The order has also been called Curvcnibrycac from its 

characteristic curved embryo. The curved (“' n P> ? tr °P° v ", 
ovule frequently becomes a kidney-shapedseed roum J h ®'' ttl 
of which lies the embryo enclosing the pcr.sperm. the 
sperm is absorbed by the embryo during development The 
seeds are solitary or numerous according as the ov y 

tains one or many ovules. When solitary the 

from the base of the ovary; when numerous, the oywles are 

borne on a central axile placenta which is gencraliy free 
being formed from the inner (ventral) port.ons of the carpe s 
which have become separated from the outer (dor^l) 
portions by the disappearance of the partition wall Some 
times, as in Viscaria Ld Silent, the septa are present in the 

lower part of the ovary. ... 

The families form a very natural assoc i at l ^ n bry 01 

remarkably uniform characters of placen , 
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great diversity in the differentiation of the floral envelope and 
androecium. The monochlamj'deous type of flower is represented 
by Chenopodiaceae and Amarantaceae; the stamens are in one 
series and the one-celled ovary contains generally a single basal 
ovule. Within these limits Chenopodiaceae shews a remarkable 
diversity in the form of the perianth and the degree of union of 
its parts, and in the form of the ovary and the means adopted for 
distribution of the one-seeded fruit. 

The small family Phytolaccaceae shews great variety in the 
plan of structure of the flower, including genera (e.g. Microtea) in 
which the ground-plan is identical with that of Chenopodiaceae 
and Amarantaceae, but also forms in which a multiplication of 
stamens and carpels has taken place. This diversity has led to the 
suggestion 1 that the other families of the order may have originated 
from Phytolaccaceae by development along different lines. On 
this view Chenopodiaceae and Amarantaceae represent a variation 
on the simple type of flower. From the type with two staminal 
whorls and two whorls of carpels the families with more highly 
developed flowers have been derived (see diagram). Disappearance 
of the inner whorl of stamens and a whorl of carpels, accompanied 
bv reduction in the pistil, give the ground-plan of the flower of 
Nyetaginaceae in which the perianth has become petaloid ; a similar 
origin may Ik* claimed for the simpler floral types of Aizoaeeae 
(e.g. Se.ruvium, Mollugo). while the more elaborate Mesembryanthe- 
rnuni type arises from a splitting of the staminal whorl to form 
series of petaloid structures and stamens. 

The floral type of Portulaeaccae may be derived from the same 
source by disappearance of the inner whorl of carpels and the 
approximation of a pair of bracteoles to the flower to form the 
dimerous calvx. 

The typically 5-whorled flower of Caryophyllaceae represents 
a further elaboration and the alternative positions of the five 
carpels, noted in the description of the family, may be explained 
by the disappearance of one or other of the two whorls which 
existed in the J > fn/tolacca- like ancestor. 

1'ho following diagram illustrates this view of the origin of the 
various families: 


Amarantaceae 


< henopodiaceac 


\ 

/ 


Caryophyllaceae 

I 

I 

Phytolaccaceae 

Portulacaeeae 


^Aizoaeeae 

Nyetaginaceae 


s 


*•«* 


l\ix in Engler and Prantl, Pfl arizen fa milien, hi, lb, 08. 
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The order is of interest as indicating a passage from the mono- 
chlamydeous to the dichlamydeous type of flower,whether we 
take the view explained above that this passage had already 
occurred in the parent family and that the families as we now 
know them represent a segregation and further development of 
the types already laid down, or whether we assume that the 
families with the simpler type of flower represent the earlier forms. 
The simpler forms shew a similar plan of floral structure to the 
Urticales, while the more elaborate are typically dichlamydeous, 
reaching in the subfamily Silenoideae of Caryophyllaceae an 
advanced stage of differentiation in relation to the transference 
of pollen by means of insects. 


Family I. CHENOPODIACEAE 

Flowers monochlamydeous, bisexual or unisexual. Perianth 
5- to 2-merous. Stamens equal to or fewer than, and opposite 
to, the perianth-leaves. Carpels generally two; ovary um- 
locular with one basal ovule. Fruit a utricle or nut surrounded 

by the persistent perianth. . 

Annual or perennial herbs, sometimes shrubs, with simple 

alternate leaves and small inconspicuous flowers. 

Genera 101; species 1200. Cosmopolitan. 

The plants are annual or perennial herbs, sometimes shrubs, 
very rarely forming small trees, as the Saxaul (Haloxylon 
Ammodendron ), which, with its thick stunted trunk, and tufts ot 

whip-like apparently leafless branches, forms a striking feature 

of the Central Asiatic steppes, sometimes reaching 20 feet in 
height. They are salt-loving plants (halophytes), the greater 
number of species occurring near the sea as Salt-wort (Salsola 
Kali), in salt marshes as Samphire (Salicornia herbacea), or in 
steppes and deserts which, once covered by the sea, have now 
a soil strongly impregnated with salt. For the same reason 
our common species of Chenopodiuin and Atriplex grow near 
dwellings and in cultivated soil, quickly covering soil which 
has become enriched in mineral salts by the decomposition 
of refuse or manure-heaps. The various forms of growth, as 
well as several characteristic peculiarities in structure, bear 
a close relation to the halophilous habit, and shew a stn ng 
similarity to desert forms (xerophytes), the functions of 



96 


FLOWERING PLANTS 


water-storage and checking of transpiration giving the key 
to the characteristic habit and structure. Coverings of hairs 
are frequent and their different forms may help to distinguish 
genera and smaller groups. Such are the mealy hairs of many 
species of Chenopodium, Atriplex and Salsola , which consist 
of a stalk bearing large thin-walled end-cells full of clear 
watery sap. The terminal bladders easily collapse and form 
the peculiar mealy covering. They are a means of storing 
water and lose their contents when the organ on which they 
are borne reaches a certain age. In some species of Atriplex 
which have to endure prolonged periods of drought, the 
closely packed hairs with their end-cells tensely filled with 
water form, during the rainy period, a glass-like covering. 
In the succeeding dry period their watery contents are gradu¬ 
ally used up, the turgid cells collapse and the hairs become 
matted into a dense felt which forms an excellent check to 
loss of water from the young assimilating portions of the 
plant. 

Our native species of Chenopodium and Atriplex have more 
or less hastate-triangular or rhomboid leaf-blades, but the 
great majority of members of the family have a much reduced 
leaf-surface, narrowly linear and cylindrical or semicylindrical 
in section. Examples are found in Britain in Suaeda and 
Salsola, while in Salicornia (fig. 42) the succulent jointed 
stems are apparently leafless, each intemode ending in a 
narrow cup-like ring which embraces the base of the one 
above. 

hater work by E. de Framed) confirms the theory put forward 

in 1868 that the succulent outer cortex of the 
stem-joints is foliar in origin, and derived from a basal develop¬ 
ment of the cup-like leaf-sheath of the pair of leaves at the node 
above. This view is supported by the study of the development 
of the shoot behind the apex, of the anatomy and the course of 
the vascular bundles, and by the fact that the cortex separates at 
the end of the season in a manner analogous to that of leaf-fall. 

1 he most general means for ensuring a water-supply to the 
green assimilating cells is a system of water-storing tissue, con¬ 
sisting of large colourless cells filled with water holding sodium 
chloride and other mineral salts in solution, and also frequently 
containing crystals of calcium oxalate. In dorsiventral leaves the 
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water-storing cells occupy the upper and lower faces of the leaf, 
the green palisade layers coming between, or the latter are asso¬ 
ciated with the veins, the aqueous tissue forming the remainder of 
the mesophyll. In concentric leaves the great bulk consists of 
aqueous tissue, the green assimilating cells forming an outer ring 
beneath the epidermis. 

A. F. W. Schimper shewed the reason for this similarity between 
halophytes and xerophytes. Plants absorb water with difficulty 
when solutions of high concentration are supplied to the roots, and 
concentrated solutions also hinder assimilation in the green cells. 
Halophytes, therefore, take up as little as possible of the solutions 
presented to them in the soil, in order that nutrition may not >e 
prejudiced by an excess of salt in the tissues. Hence the necessity 
of checking transpiration, for which similar means have been 
adopted to those in xerophytic plants. 

The small flowers are usually united into small dense 
cymose inflorescences, which, beginning as dichasia, pass 
into unilateral cymes (fig. 40, A), or are uniparous from 
the first. The flowers are bisexual or unisexual, and, 
except in Beta , hypogynous. The most complete type o 
flower conforms to the formula P5, A5, G2—3; other forms 
may be regarded as derived from this. There is no indication 
of a second perianth-whorl, or of antepetalous stamens, the 
five stamens being opposite the perianth-leaves, which are 
more or less united with one another; the degree of union 
varies from an almost free condition to complete union, 
forming a pitcher- or funnel-shaped perianth. The number ot 
perianth-leaves and stamens is very variable, even in the 
same genus, and even on the same plant. Thus, of our eleven 
British species of Chenopodium, seven have a pentamerous 
perianth and androecium, in three species the lateral flowers 
of each cluster are usually 2- to 4-merous and the tormina 
5-merous, while the flowers of C. Bonus-Henricus are c- 
scribed as all 5-merous or the lateral 2- to 3 -androus. Atrip ex 
has unisexual flowers (bisexual are also sometimes present), 
of which the male are 3- to 5 -merous, while the female have 
only two perianth-leaves or are naked but have a pair <>i 
lateral bracteoles. Salicornia (fig. 42), with bisexual flowers, 
has a 3- to 4-lobed or truncate perianth sunk in the spi <-. 
and one rarely two stamens. 
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The perianth-leaves are usually similar, but sometimes 
differ in size and structure, as for instance in Halocnemum 
where there are three, two opposite and hooded, the odd one 
slightly concave; in Corispermum the hinder leaf is much 
larger and toothed, in Alexandra (Central Asia) the two lateral 
leaves are boat-shaped with a broad wing-like keel, the 
remaining three flat and without an appendage. In con- 



Fig. 40. A. Flan of inflorescence of Chenopodium album ; 1, central flower of 
clichasiurn springing from axil of main bract, 6; 2, lateral flowers in axils of 
bracteoles a ami p, the branches of the secondary axes pass into unilateral 
cymes. B. Longitudinal section of flower of C . Boi\us-Hcnr\cus. C. Seed of 
»ame in vertical section. B,C enlarged. (A after Eichler; B, C after Baillon.) 


sistonec they arc cither green and herbaceous as in Beta, 
Chenopodium, A triplex , Suaeda and genera allied to these, or 
hyaline, forming a thin delicate membrane, as in Corisper- 
mnm, Salicornia. Salsola (fig. 43) and allied genera. They are 
persistent in the fruiting stage, sometimes developing to form 
means of distribution for the enclosed fruit, such as wings, 
spines or a fleshy covering simulating a berry. 
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The stamens are free or united at the base, and attached 
to the floral axis, to the base of the perianth-leaves, or to a 
disc which sometimes forms small outgrowths between the 
stamens (fig. 41, C); these outgrowths have been erroneously 
regarded as representing an inner whorl of staminodes. The 
narrow subulate filament is attached to the back of the anther 
which is four-celled and opens by a pair of longitudinal slits 
which are lateral or turn inwards. Before the flower opens 
the anthers are bent inwards. The pollen is spherical with 



Flo. 41. Beta vulgaris. A. Flower in the first or stain mate stage. B. Flower in 
the later or pistillate stage; /, the withering filaments from which the 
anthers have fallen. C. Longitudinal section through a flower-bud. showing 
the arrangement of the parts; b, subtending bract; d, g|f nd “ la ^ dl8 £ .{?• . 
cluster of fruits. E. Seed in vertical section. All enlarged. (D after Baillon, 

the rest after Volkens.) 


numerous roundish pores. The unilocular ovary varies 
widely in form and is usually drawn out at the apex into a 
style which bears two, sometimes three or four, very rarely 
five, filiform or sometimes broad and flat stigmas. The posi¬ 
tion of the campylotropous ovule varies greatly according 
to the length and form of the funicle, from pendulous to 
transverse; the funicle springs from the base of the ovary 
except in Beta where it is attached laterally (fig. 41, C). 
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But little is known as to pollination. Volkens(2) points out 
various facts which indicate that wind can only be of subordinate 
significance. Such are the comparatively heavy pollen, the 
absence of slender flexible stamens, and the gradual opening of 
the individual flowers, as well as of the flowers of the inflorescence 
taken collectively, one of the characteristics of anemophily being 
the simultaneous opening of a large number of flowers. Cross¬ 
pollination is favoured by the frequence of dicliny, and, in bi¬ 
sexual flowers, of dichogamy, both proterandry, as in SaUcomia 
herbacea and Beta vulgaris (fig. 41, A, B), and proterogyny as in 
many species of Chenopodium. 



Flo.. 12. Snlicornia arnbigua. A. Portion of stem and branch. B. Portion of 
stem in flower. Small portion of B cut lengthwise, shewing a flower 
enclosed in the perianth and another perianth empty. D. Fruit cut length¬ 
wise: r, cotyledons; r, radicle. E. Seed. (From FI or. Jam.) 

The one-seeded fruit is indehiscent or opens before or 
during germination by a transverse lid, as in Beta (fig. 41, D). 
The pericarp is membranous, crustaceous, or leathery, rarely 
stony or Meshy, and occasionally adnate to the seed-coat. It 
generally more or less completely enveloped by the per¬ 
sistent. perianth. The means of distribution of the fruit are 
very varied. Berry-like fruits are formed by the pericarp 
or floral envelope becoming fleshy. Distribution by clinging 
to l he coats of animals is favoured by development of thorns 
on oik* or more of the perianth-leaves, or the enveloping 
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bracteoles become simple or branched thorns as in Spinacui 
oleracea (Spinach). Adaptations for distribution by wind 
occur in the development of hairs on bracteoles or perianth; or 
wings of very varied form are developed on the fruit itself 
or on the perianth (fig. 43, C) or bracteoles; or the pericarp, 
floral envelope, or bracteoles become light and spongy. In 
Beta the fruits, which are sunk in the fleshy floral axis, become 
coherent by the enlarged hardened bases of the sepals. 

The form of the seed is governed by that of the ovule, 
and is lens- or kidney-shaped, horizontal or vertical, with 
a superior, lateral or inferior micropyle; the testa is homy, 
leathery or membranous, and smooth or granulate. 



Flo. 43. SaUoUt Kali. A. Flower with the pair of braeteolcs. x , 

section through base of flower shewing arrangement of l>art* >n a »*o 
plane; a, axis on which the flower stands in the axil of the brae tb. b . i 
eoles; p, perianth; «, stamens; d. IoIh? of disc, a temating surrounded 

in the centre is the ovary containing the ovule, x5. t. t back 0 j 

by the persistent perianth-segments (three are she > x 8 (A f tei 

which a membranous wing has developed, * •>. • ^ 

Volkens.) 

The character of the embryo has been used for the separation 
of the family into two sections. In the larger Cyclolobeae . the see* 
contains a curved embryo surrounding a floury perispt rm , ■ 

includes Chenopodium (fig. 40), Beta (fig. 41), Atnplex an< o \ 
also Salicornia (fig. 42, D) in which there is little or no pensperm. 
Saisola, Suaeda and allied genera constitute a smaller secti 
(Spirolobeae) in which the embryo is rolled up spirally and aim • 
completely fills the seed (fig. 43, D). 
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Bunge recognised the following main areas of distribution: the 
Australian low-lying salt plains; the South American pampas; 
the North American prairies; the coast-land of the Mediterranean; 
the South African Karroo; the Red Sea basin; the south-west 
shores of the Caspian; the Central Asiatic basin; and the salt- 
steppes of Eastern Asia. 

The most important economic plant is the Beet {Beta vulgaris), 
owing to its tendency, common to several plants of the family with 
herbaceous roots, to swell under cultivation by increase of the 
parenchymatous elements. The Beetalso suppliesagood illustration 
of an anatomical peculiarity which is very general in the familj', 
namely theformation of short-lived concentric rings of cambium, the 
new one appearing in the cortex just outside the circle of bundles 
produced bv the last. The varieties include the Sugar-beet, and 
the Mangold. Spinacia oleracea is Spinach. In steppe and desert 
country the members of the family serve as fodder-plants, as 
for instance the Australian Salt-bushes (species of Atriplex, Kochia 
and Rhagodia). Species of Chenopodium are cultivated as pot-herbs 
(e.g. C. Bonus-Henricus and others), or as grain on account of 
the mealy perisperm, as the South American C. Qninoa. 


REFERENCES 
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Family II. AMARANTACEAE 

This family is scarcely separable from Chenopodiaceae 
with which it was united by the French botanist Baillon. It 
differs in having the perianth dry, membranous and often 
white or coloured, not green and herbaceous as generally in 
('henopodiaceae. The plants are herbs or shrubs with opposite 
or alternate simple generally entire exstipulate leaves which 
are often more or less thickly covered with hairs. As in 
t/henopodiaceae, the vascular bundles in the stem are arranged 
in several concentric rings or more or less irregularly. The 
small flowers form inflorescences which are often dense and 
showy as in Foxtail (Amarantus), and Cockscomb ( Celosia 
crista (a) where it is faseiated. Each flower has a pair of large 
membranous persistent bracteoles which may be sterile, the 



AMARANTACEAE 


103 


inflorescence being a simple or branched spike or raceme; or 
branching occurs in the axil of the bracteoles forming 
dichasia, which are borne on a simple or racemosely or 
cymosely branched main axis. Frequently lateral flowers are 
aborted and their place is occupied by simple or branched 
prickles, or tufts of hair, which persist till the fruit is ripe 
and serve as a means of distribution, the partial inflorescences 
becoming detached from the main axes, as in Cyathula. 



Fio. 44 Celoeia argentea. A. Upper portion °f plant wthmflorescMice- flower 
with bract and one bracteole. C. Flower with perianth partly «x 
D. Ovary cut lengthwise. E. Fruit shewing deh>sccncc. F Seed Unj. 
wise; c, cotyledons; r, radicle; e, pensperm. (From Flor. Jam.) 

The structure of the flower corresponds with that of 
Chenopodiaceae. As a rule, a simple generally tegular o- mere 
perianth is followed by an opposite whorl of ve s amt ns, 
while a unilocular superior ovary with one, two or u 
styles occupies the centre of the flower. The membranou 
perianth-leaves are free or more or less unite , t kj m > 
become woody at the base enclosing the fruit. e > are o 
hairy; in species of the Australian genus Pti otus ie ° 
silky hairs form wind-floats. The stamens are gtner 
united below into a membranous tube, whic 1 ma\ e 
simple, lobed or fringed, petaloid outgrowths between 
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stamen (fig. 45, D). In the greater number of the genera each 
half of the anther is 2-celled, in a smaller number ultimately 
one-celled. The ovules, which are solitary except in Cdosia 
(fig. 44, D) and a few allied genera, are campylotropous and 
borne, either pendulous or erect, on long or short funicles 
springing from the base of the ovary-chamber. 

The fruit is generally dry, either with a hard pericarp 
forming a one-seeded nutlet, or with a thin wall forming a 
utricle containing one (as in Achyranlhes) or more seeds, in 



Fio. 45. Achyranlhes indie a . A. Upper part of plant with inflorescence. 
B. Flower with pungent bract and bracteoles. C. Flower with two perianth- 
segments removed. D. Portion of androecium shewing two stamens and 
three fimbriated outgrowths. E. Ovary shewing the ovule. F. Utricle. 

(S d in section, c , cotyledons; r, radicle; e, perisperm. 

(From Flor. Jam.) 

the latter case dehiscing transversely (as in Celosia) or 
irregularly. In a few genera only it forms a one- or several- 
seeded berry. 

The seeds, which are generally lenticular, have a rough or 
polished testa; the embryo lies close to the seed-coat sur¬ 
rounding a central mass of mealy perisperm. 

1 he family contains (54 genera with about 800 species 
distributed throughout the warmer parts of the earth. The 
chief centres of distribution are tropical America and India. 
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Several species are cultivated as ornamental plants as Celosia 
cristate (Cockscomb), Amarantus (Foxtail), and Gvmphrena 

globosa. 

The family is subdivided into three tribes as follows: 

Cdosieae. Ovary with two to many ovules; anther-halves 
2-celled. Chief genus Celosia with 60 species. 

Amaranth. Ovary with a single ovule; “‘her-halves 2 
celled. Chief genera Amaranlus (50 species), A erva (10 species), 

Ptilotus (100 species). 

Qomphreneae. Ovary with a single ovule; antherdm Ives 
ultimately 1-celled. Chief genera AlUtmanthera ( 170 spec.es), 
Qvmphrena (90 species), Iresine (70 species). 


Family m. NYCTAGINACEAE 

This family is well characterised by the 
funnel-shaped perianth, the lower por 10 w j lo j e j s 

enveloping the fruit and simulating a P® ., s j nK ie erect 

termed an anthocarp); the true fruit is an^ac ^ embryo which 

seed containing a large, rtraightjC-rwd or as in 

surrounds a mealy pensperm. The plan orn „ n ,entalshrub), 

Mirabilu Jalapa (Marvel of Peru, a well-known or ‘ d 

ortrees. BvuqainviUe* speMnlus, a "aUve° k B r “.’. S a„ 
cUmber often seen in greenhouses. Needh.-l.he crystals o ^ ^ 

oxalate (raphides) are very generally p ' 1.1111 is de- 

the flower. The stem-structure is anomalous, cambium 
veloped outside the original ring of bun es ne w 

bundles and intermediate tissue are produced, the bast 

bundles is extremely rudimentary 1 . being often 

The leaves are generally opposite, t »^^^[ I ISSccnco 
very unequal; they are simple and exsUpul^ J“ cvelopment of 

is cvmose and an important feature is ^ dichasium has a 

the uppermost bracts. In Mirabxhs (fifr■ hi her branches; 

tendency to monochasial developmen involucre of five 

each flower is surrounded at the base by an involucre ^ 

sepal-like bracts. In Oxybaphus (fig. » ree flowers, a terminal 
volucral bracts are fertile so that there are ... 40 , C) 

and two lateral in each involucre. In ^arnvdUa^ (hg-^ ^ 

there are three involucral ^ racte ’ eaC |V 8 “ absenc <?of the terminal 
which it has become adnate below. Owing Ferns.” 

• Se. De Bary. “CompanUive Anatomy of Phanerogam. and Fema 
(English Edition), 590 (1884). 



106 


FLOWERING PLANTS 


flower there are again three flowers within each involucre, which 
is here large and petaloid. In Boerhaavia and others the involucral 
leaves are reduced to teeth or scales. The perianth is folded in 

o 






Fic. 46. Diagrams of inflorescence and flowers in A. Mirabilis; B, Oxybaphus; 
C, Bougainvillea-, i, involucre of bracts; a, p. a', pairs of bracteoles. 
(After Lichler.) 

the hud; in Mirabilis it is also contorted as in the corolla of 
Convolvulaccae. The number of stamens is very variable; in 
Mirabilis Jalapa they are equal in number to the petals, but there 
may be fewer or more (1-30). The filaments arc often unequal. 
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Fio.47. Pisoniu aculeata. A Portion of male flowering branch, * §■ Thethorm 
in the leaf-axils are reduced brunches. ■ |K . r ianth cut lengthwise. 

flower, x 6. E>. Female flower Wlt, ‘ x5 g! Embryo, c, cotyledons; 

E. Anthocarp, x 2. F. Anthocarp cut across, 
e, xierisperm; r, radicle. (From I 1 lor. Jam.) 



sistent perianth-base and pericarp is sc radicle. (From Flor. 

e , peris perm. E. Embryo; c. oukr cotyledon, r, radicle. 
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The flowers are bisexual, or sometimes, as in Pisonia, unisexual 
by suppression of stamens or pistil (fig. 47). The pistil consists 
of a single carpel; the free ovary bears a long simple style and 
contains a solitary basal ovule, the micropyle of which points to 
the bottom of the ovary (micropyle inferior). The persistent 
portion of the perianth enveloping the fruit becomes leathery, 
hardened or fleshy, and striated or ribbed, and is often a means 
of distribution by the development of mucilage or by glandular 
hairs, as in some species of Pisonia (fig. 47, E), or by hooks as in 
the Australian and Polynesian Pisonia grandis. In Bougainvillea 
the persistent bracteoles form wind-floats. 

The seed has a thin hyaline testa or the seed-coat is completely 
adherent to the pericarp. The cotyledons are unequal, the inner 
being smaller than the outer. In Abronia the inner is almost 
aborted in the Reed and remains small for some time after germina¬ 
tion, but in A. umbeUata ultimately becomes the larger and leaf¬ 
like in appearance. 

There are 30 genera, containing about 300 species, in the 
warmer parts of both hemispheres, but especially in America. 


Family IV. PHYTOLACCACEAE 

A small family of about 115 species in 17 genera, comprising 
herbs, shrubs (a few climbing) and trees, widely distributed in 
tropical and temperate climates but found mainly in the warmer 
parts of America. The leaves are simple, entire, generally ex- 
stipulate, and glabrous. The inconspicuous flowers are arranged 
in racemose or cvmose inflorescences. The flowers, which are 
bisexual or sometimes unisexual by reduetion, have a simple 
regular perianth of four to five members which are free or united 
at the base, and persistent. The stamens and carpels vary widely 
in number, and variations occur in one and the same species. In 
the simplest case, the stamens form a single whorl the members 
of which alternate with (Rivina laevis) or are opposite to (Microtea) 
the perianth-leaves (fig. 49, A, B), while a single carpel occupies 
the centre of the flower. Often there are two alternating whorls 
of stamens the number of which may be increased by doubling in 
one or both whorls (see diagrams of Phytolacca decaruira and 
P. icosandra , fig. 49). In Stegnosperma (a genus with one species 
in Central America and the West Indies) the outer whorl of 
stamens is replaced by a whorl of five petals. 

similar variation occurs in the pistil; there may be as many as 
10 carpels, and these are free or united; the ovary is superior. 
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except in the monotypic Mexican genus Agdestis where it is in¬ 
ferior. Each carpel bears a single style and contains a solitary 
ovule, in the position of which there is again considerable variation. 
The form of the fruit varies widely. Where one carpel only is present 
it is indehiscent either forming a berry ( Rivina, fig. 50) or having a 
leathery or dry pericarp. Where two carpels are united in the 
flower the fruit is a schizocarp, the two one-seeded mericarps 
being often winged or thorny. When the carpels are numerous the 



Flo. 49. Floral diagrams of A, Microtea ; B. liivina Uteris, C, Phytolacca icosandrai 
D, P. decandru. Bracts and bractcolcs are indicated in A. B and C. (Alter 
Eiohler.) 

fruit consists of an equal number of separate indehiscent nutlets, 
or forms a multilocular capsule each chamber splitting when ripe 
to set free the solitary seed. The small laterally compressed scot s 
are lenticular or kidney-shaped and contain a large embrjo 
curved round the mealy or fatty perisporm. The testa is rare y 
smooth, generally wrinkled or warty or sometimes hairy ; a mem¬ 
branous aril is often present. In Phytolacca (fig. 51) the many-se ec 
fruit is at first berry-like, the pericarp subsequently becoming 
drier. P. decandra Ls often cultivated as an ornamental plant for 
its showy spike of deep-purple berries, which yield a deep red dye 
used for colouring wines, etc. 
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Fio. 50. Rivina humilis. A. Upper portion of branch, x f. B. Flower-bud, x 7. 
C. Flower, x 7. D. Fruit, x 5. E. Section of seed, x 5; e f perisperm; c, coty¬ 
ledons; /, lobed base of cotyledon; r, radicle- (From Flor. Jam.) 



Fio. 51. Phytolacca icosarulra. A. Raceme and leaf, x 
C,\ Fruit, x 2. I). Fruit cut across, x 2. K. See<l in section, 
c, cotyledons; r % radicle. (From Flor . Jam.) 


B. Flower, x 5. 
x 7; e, perisperm; 
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Family V. AIZOACEAE 

(Ficoideae of Bent ham and Hooker) 

Flowers bisexual, typically monochlamydeous, cyclic. Peri¬ 
anth 4- to 5-merous. Stamens 5 (3) or »> the outer members 
often forming several series of petaloid structures. Carpe s 
2 to oo ; ovary superior or inferior, 2 -to multi-locular; ovules ®, 
anatropous or campylotropous. Capsule various. 

Herbs or undershrubs with filiform or fleshy leaves and 

cymose flowers. 

Genera 23; speoies 1100. 

The members of this family are found in dry climates in 
the warmer parts of the earth. They are herbs or low s iru 
with simple opposite or alternate generally exstipulate leaves. 
The leaves are often succulent, and narrow, spathulate, 
or rhombic in shape, containing layers of water-storing tissue 
between the peripheral green assimilating layers, n many 
species of Mesembryanthemum the epidermis has a granu ar 
coating of wax; coverings of hairs of various forms are a >o 
frequently present, giving the plant a greyish-green appear¬ 
ance. The familiar Ice-plant (M. crystalhnum) owes its 
crystalline look to a covering of bladder-like hairs whic i 

serve as water-reservoirs enabling it to thrive in y , san 
soil at the Cape, in South and West Australia, California, 
and throughout the Mediterranean region. In others t lie 
leaves are narrow and filiform, or sometimes re ucc 
scales, as in the Australian genus Macarthuna recalling in 
their Broom-like habit Mediterranean species of ( ytisus. 1 i 
perennial species shew abnormal thickening, open ing on 
the short-lived activity of the cambium of the original ring 
of bundles and the successive production of new rings outsit e 

Flowers are terminal (many species of Mesembryantliemu ) 
or axillary ( Teiragonia ), or form small crowded dichasia 
passing in the higher branches into monochasia. In letta- 
gonia two flower-buds may be arranged serially in one 

axil and a leaf-bud may also be present. 

The arrangement of the parts of the flowers sicw* 
siderable variation but may be derived from a simple > \ 
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containing three whorls, a perianth, staminal andcarpellary,as 
seen in Sesuviumpetilandrum (fig. 52, A). The number of stamens 
maybe reduced as in Mollugo verticilUUa,a. very variableSouth 
American species (fig. 52, C). "More often, however, splitting 
of the original five staminal rudiments occurs, producing a 
larger number of stamens (fig. 52, B) which are free or united 
in bundles, or monadelphous at the base. In many cases, as 



Fin. 52. A. Floral diagram of Sesuvium penlandrurru B. Floral diagram of 
S. Portulacastnim. Floral diagram of Mollugo verlicillata . D. Floral 
diagram of M csembry anthem um violaceum. E. Transverse section through 
the ovary of the last species; u\ ovary wall; s X9 primary septum; s*, secondary 
septum. F. (5, H. Longitudinal sections through the ovary of M. violaceum 
in three successive stages, shewing alteration in position of the placenta 
during development; young stamen. (After Eichler.) 

in the showy Mescmbrvanthemums, outer series of members 
resulting from this splitting become petaloid, forming a 
show y corolla-like series (fig. 52. D). The superior or inferior 
pistil consists generally of three to five united carpels, with 
a corresponding number of ovary-chambers, in theinner angle 
of which are borne rows of anatropous to campy lot ropous 
ovules. In some species of Mesembryanthemum the placentas, 
originally axile, become, through unequal growth of the ovary. 
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first basal and finally parietal (fig. 52, F, G, H), a more or 
less complete secondary or “false ’ partition being also forme 
between the parietal placenta and the central axis (fig. 52, 
E, s 2 ). The fruit is generally a leathery capsule with loculi- 
cidal dehiscence, but septicidal and transverse dehiscence also 
occur. The capsule of Mesembryanthemum is hygroscopic, 
opening when wetted and spreading its valves star-wise, the 
valves close again in the dry (fig. 53, C, D). In M. edule t e 



Flo. 63. Mesembryanthemum. A. Flowering shoot of J/. „„ 

of same in vertical section. C. A closed Truit. D, Fru. wh ch ^ ope^un 
exposure to moiaturc. E. Seed cut lengthwise, enlarged. (A, 

E after Lo M&out and Decaisne.) 

fruit is fleshy and edible, the numerous seeds being embedded 
in a sweet, slightly acidulous pulp. Tetragonia has a nut- i e 
or drupaceous indehiscent fruit containing several see s. e 
seed contains a large embryo curved round a mealy peris perm. 

The greater number, more than 800, of the species belong 
Mesernbryanlhemum, and are found chiefly in the c i> san< 
districts of South Africa but also in widely separatee 
similar regions from Australia to California. Sout *^ ica 
is the chief centre of distribution of the family, mem 


R. II. 
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of which extend the range through tropical Africa to 
Arabia and the Mediterranean region. There is also a small 
centre in West and South Australia, and a few genera 
(e.g. Mollugo, Tetragonia) spread through the tropics of both 
hemispheres. Tetragonia expansa, a widely distributed species 
(Japan, Australasia, Polynesia, and extratropical S. America), 
is cultivated as a pot-herb and known as New Zealand Spinach. 



Fic;. .14. Scsuvium Portularcustrum. A. Portion of plant in flower, x f. B. Flower 
with part of ix*rianth and some stamens removed, x 3. C. Capsule after 
dehiscence (circumsciss), x 3. D. Transverse section of lower portion of cap¬ 
sule, x 3. E. Seed in section, x 10; e, perisperm; r, cotyledons; r, radicle. 
(From Flor . Jam.) 

The family is subdivided according to the character of the 
perianth and the relative position of the ovary. 

Subfamily Molluginoideae. Perianth-segments almost free. 
Petaloid staminodes generally absent. Ovary superior. About 
7 genera with (50 species in the warmer parts of the world. 

Subfamily Ficoideae. Perianth-segments uniting to form a longer 
or shorter tube. Includes the following tribes. 

Tribe Sesuvieae. Ovary superior. Capsule opening by a lid. 
Staminodes absent. Sesuvium (fig. 54) (8 species), sea-shore 
plants on tropical and subtropical coasts. Trianthema , 
about 15 species, widely distributed, chiefly in the Old 
World tropics. 



AIZOACEAE 


115 


Tribe Aizoeae. Ovary inferior. Capsule loculicidal. Stami- 
nodes absent. Dry sandy or stony places mainly in South 
Africa. Aizoon hispanicum is a characteristic species o 
the Mediterranean region. Contains 6 genera with 4 J species. 

Tribe Mesembryanthemeae. Ovary inferior. Petaloid stann- 
nodes absent in Tetragonia, present and numerous in 
Mesembryanthemum forming showy white, yellow or rose- 
coloured flowers suggesting Compositae Species of *««*»»*- 
bryanthemuin are grown as ornamental plants; the fle»h> 
rhombic leaves of some South African species borne in 
pairs on the shoot resemble stones in appearance . 1 h 

stamens of some species are irritable, bending inwards who* 
touched by bees or other insects. The fruits of M. an 
forme and M. edule are eaten in South Africa under th 
name Hottentot-figs. M. edule has become naturahs^ 
near the sea in the Isle of Wight, Cornwall and the t hannel 

Islands. ... 

Aizoaceae resemble Phytolaccaceae in their nierphologieanj 
apetalous flowers, and, like them, have an anomalous 
structure. They are distinguished by the typically sjncarpeu* 
ovary with numerous ovules, the frequently tubular perianth and 

often opposite loaves. 

Family VI. PORTULACACEAE 

A small family of about 500 species in 19 genera, generafly 
distributed in warm and temperate climates, especia > 

Pacific side of the American continent. It compr^es herbs or 
small shrubs with succulent leaves and scanous stipuW* 
is exstipulate). The flowers are generally small but XnUed 
showy. The most general type contains two sepals situated 

anteroposteriorly, four to five petals, an equa m » . ni au ( on i a 

petalous stamens, and three carpels. Such or ,us ' in ^ ( N th 
perfoliala, a small succulent annual, a native of v• cm Nor 
America, which is naturalised in many places in England 
a cosmopolitan monotypic genus, and the on y 
representative of the family, differs in the suppression of the two 
anterior stamens. It is a small glabrous annual with 8 P a thulate 
subopposite leaves and minute white flowers, growing! n ' > an 

damp places. The number of stamens may e ‘ ’ • 

PortuuL oleracea (Purslane). The superior ovary (halfE i cr or m 
Portulruui) is unilocular, bears a simple or three- or more-branched 

1 Sec Marloth, R. “Mimicry among plants." Trm*. S.A. Phri .*^ eUcnt 
and XVI (1905). Sec* alao Marloth, Flora of South Africa , I, 19 , 
illustrated account of the family in South Afric a. 


H—2 
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style and contains two to many campylotropous ovules on a 
central basal placenta. Thefruit is a capsule dehiscing transversely, 
or by two or three valves. The compressed seeds contain an 
embryo coiled round a mealy perisperm. Portulaca grandiflora is 
a favourite garden plant. . 



Fin. o5. Portulaca olcrarca . A. Upper part of branch bearing flower-buda at 
apex, x f. B. Flower in section with base only of sepals and petals indi¬ 
cated, x 5. C. Fruit shewing transverse dehiscence, x 3. D. Seed in section, 
x 12; c, cotyledons; r, radicle; e, perisperm. E. Floral diagram. (E after 

Eichlcr.) 

Family VII. BASELLACEAE. See Appendix 
Family VIII. CARYOPH YLLACEAE 

Flowers generally bisexual, rarely unisexual by reduction, 
o- or 4-morons, with calyx and corolla. Sepals free or united, 
sometimes searious, persistent. Corolla rarely absent, often 
chived. Stamens 8-10 in two whorls, or fewer, hypogynous. 
Receptacle sometimes elongated between the corolla and 
stamens. Carpels five, often fewer, united to form a one- 
celled or incompletely chambered ovary, with two to five 
styles free or united below; ovules generally numerous, more 
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rarely few to solitary, on a basal or central placenta formed 
from the ventral portion of the carpels. Fruit a capsule 
opening apicaUy by long or short valves, equal or double in 

number to the carpels; rarely a berry. 

Herbs or undershrubs with entire, generally narrow, oppo¬ 
site, rarely alternate leaves; stipules sometimes present. 
Inflorescence cymose, generally many-flowered; more rarely 

flowers solitary. 

Genera 80; species about 2000 ; mostly in the temperate 
regions of the northern hemisphere, but also in the southern 
hemisphere and a few in the mountains of the tropics. 

A family common in Britain where the members are easily 
distinguished by the herbaceous stem with swollen nodes and 
opposite leaves, the cymose inflorescence, the white or pink 
flowers with their parts in fives (excepting the reduction to 
three or two which often occurs in the pistil and rarely in the 
androecium), and the characters of the pistil, seed and embryo 

already indicated for the order. 

The family as a whole is one of annual or perennial herbs 

sometimes woody below, or in the warmer parts of the world 
with even a bushy growth. The leaves are simple entire, 
sessile and generally exstipulate; the pairs decussa e. ne 
leaf of a pair is formed earlier than the other and bears in its 
axil a more vigorous bud, which is often the on y one o 

develop a branch. . „ 

The inflorescence is always definite, the main axis ending 

in a flower. Occasionally the flower is solitary as in Corn 

Cockle (Oithago segetum). Generally, however, a diehasmm 

is formed, a branch being borne in the axil o eac i o ie 

bracteoles of the main axis. In the ultimate uanc ics 

dichasia pass into scorpioid cymes. 

In the most complete type of flower there are five whorls 

with five members in each, namely five sepals, five pet •, 
two pentamerous whorls of stamens and, crowning e or< 
axis, five carpels forming a compound ovary in u ic i ie 
number of members is indicated by the five sty es, ie i\ 
double rows of ovules on the central placenta, and sometime, 
also by the five partition walls remaining in tin ower pai 

of the ovary (fig. 50, J). 
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The flower is apparently obdiplostemonous; when viewed 
from above the anthers of the outermost whorl are seen to 
be opposite the petals, not alternate with them. Study of the 
floral development, however, shews that the antepetalous 
stamens arise in regular order, after the antesepalou9. Also 
that the insertion of the filaments is normal and that the 
vascular bundles which pass into the antesepalous stamens 
from the floral axis stand in the latter outside those passing 
into the antepetalous. Obdiplostemony is therefore not real 
but only apparent and due to the mechanical pushing out¬ 
wards of the upper portions of the stamens of the actually 
inner whorl. 

Another difficulty which is not so readily explained arises 
from the fact that the carpels (as judged from the position 
of the styles which are in the same line as the midrib of the 
carpellary leaf) are sometimes opposite the sepals as in 
Viscaria or Spergula (fig. 56, G, J), sometimes opposite the 
petals as in Githago. It has been assumed that this variation 


arises from the fact that in the typically complete flower, 
the pistil, like the androecium, consists of two whorls, but one 
is always absent , in 17 scaria the antepetalous whorl, in Githago 
the antesepalous. 

The ovules are borne on a central placenta which is well 
developed in the Silenoideae where its relation to the carpels 
is indicated by the occasional presence of septa in the lower 
part of the ovary corresponding in number to the carpels; 
and also by the presence of corresponding lines between the 
double rows of ovules. In the Alsinoideae the placenta is 
often much shortened, becoming basilar; where the ovule is 
solitary it is attached to a longer or shorter funicle springing 
from the base of the ovarv-ch.amber (fig. 56, A). 

The flowers shew a considerable range of complexity, and 
may hi* derived either by elaboration or reduction from a 
type such as occurs in Cerastium or Spergula —a simple open 
flower with five regular alternating whorls represented by the 
formula So, Po, A5 j- 5, Go (fig. 50, G). In this connection 
the family falls into two subfamilies, Alsinoideae, with the 
simpler or a reduced type of flower, and Silenoideae with a 


higher type elaborated in association with a more specialised 
entomophily and characterised by a tubular development of 
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the calyx, stalked, often coloured petals, and frequently by 
presence of an internode above the calyx. 



Fio 56 A Flower of Corrigiola littoralis in vertical section. B. Flower of 
' Li/aUiu; b, hracteolea. C. Flower of Silene nutans in vertical section. D. 1? ruit 
of same in vertical section. E. Fruit of Cucubahis. F. Floral diagram of 
Paronychia. G. Floral diagram of Spergula arvcnst«. H. Flora diagram of 
Saama procumbent (terminal flower). 1. Floral diugram of Stdlana media. 
J. Dichasium of Vitcaria ,'ulgari«. The position of the styles is indicated by 
the dots on the outer wall of the ovary in the floral diagrams. (A alter 
Haillon; B after Hooker; C, 1> after Wcttstein; F-J after hichler.) 

Subfamily Alsinoideae. Flowers with free sepals, petals 
of simple form or absent, stamens sometimes perigynous, 
styles free or united. An example of the most complete type 
is the flower of Spergula arvensis (fig. 50 , G), a small open flower 
with simple white petals succeeded by two whorls of stamens 
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(of which sometimes only one is developed) and five carpels. 
Sagina shews a similar structure but the parts of the flower 
are often in fours (fig. 56, H). In Sagina apetala the petals 
are minute or absent. Cerastium has notched petals and in 
C. semidecandrum the inner whorl of stamens is usually sup¬ 
pressed. In Stellaria (figs. 56, I, 57) the flower is usually 5-, 
rarely 4-merous, but the carpels are reduced to three. Con¬ 
siderable variation occurs in one and the same species. The 
common Chickweed (Stellaria media, fig. 57) is a most variable 



Fio. 57. Stellaria media. A. Branch with flowers. B. Flower, x 4. C. Capsule 
open, x 4; five of the six teeth are seen. D. Seed cut lengthwise, x20; 
c, cotyledons; c, perisperm: r, radicle. (From Flor. Jam.) 

plant. The flower may have the formula S5, P5, A5 -f 5, G3, or 
the antepetalous stamens may be absent (S5, P5, A5, G3) and 
also some (rarely all) of the antesepalous stamens, a common 
formula being S5, P5, A3, G3. The petals, which are more or 
less deeply divided, are shorter than the sepals and sometimes 
altogether absent. In these genera the stamens are often 
slightly perigynous. The many-ovuled one-celled ovary 
becomes a capsular many-seeded fruit opening by teeth which 
are generally twice the number of the carpels (fig. 57, C). Other 
genera are Holosteum , Minucirtia (Alsiyie ), Arenaria and others; 
these differ in thenumber of thestvles (threeorfour), theentire 
or notched form of the petals, and the number of valves in 
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the capsule. Spergula (Spurrey) and Spergulana, which differ 
in having small scarious stipules at the base of the leaves, are 
separated as the tribe Sperguleae from the typical Alsineae 
(to which the other genera above-mentioned belong). 

Polycarpon and allied genera differ in having the styles 
united below, and form a distinct tribe, Polycarpeae. Many 
of them are tropical and subtropical species and natives ot 
the southern hemisphere. Pycnophyllum, a native of the 
South American Andes, growing near the snow line, lias a 
caespitose habit with short slender stems closely covered 
with narrow scale-like leaves suggesting Lycopodium Lyallia, 
a genus with a single species in Kerguelen Island, forms a 
dense cushion of stout dichotomously branched stems closely 
covered with small leaves. The flowers in the Polycarpeae 
are reduced; the petals are often absent and the stamens 
reduced in number— Lyallia has an apetalous flower with 
three stamens (fig. 56, B); the ovary contains a few ovules 

and the fruit is a one-seeded capsule. ., 

These reduced forms suggest the passage to the tribes 

Parnnychieae and Sclerantheae, small sand- and steppe-plants 
with inconspicuous flowers, generally arranged in small 
dichasia. The corolla is small or absent, the antepetalou 
stamens are wanting or represented by small scales t 
receptacle is often strongly perigynous, the ovary contam. 
only one ovule (or very few) and the fruit is a one-seeded nut. 

Membranous stipules are generally present as in Corn 'J‘" 1 - 
Paronychia, Herniaria and lllecebrum forming the tribe 
Paronychieae, or absent as in Sderanthus (tribe Sclerantheae). 

Subfamily Silenoideae. The sepals are united into ' a tube 
the petals are often coloured (red) and are differentiated into 
a stalk and limb; at the junction of stalk and limb, o 
throat of the corolla, there is often an outgrowth, or ff 
forming the corona of the flower; it is present ,n Damlhus 
(Pink) many species of Silene (Catchfly), anil Lychnis 
(Campion), absent in Oitliajo and Gypsoplnla. An intemode 
is frequently developed above the calyx on which petals, 

stamens and pistil are carried up (fig. 58. C). 1 le owc ' : 1 
5-merous, with two whorls of stamens. I he styles are free 

and indicate the number of the carpels generally 
Lychnis, three in Silene, and two in Dianlhue and Saponarui 
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(Soapwort). The ovary is sometimes chambered at the base 
by septa (fig. 56, J) representing the lateral walls of the carpels; 
these disappear above. The fruit is a capsule opening by teeth 
the number of which is generally double that of the carpels. 
Cucvbalua has berry-like fruits which do not open (fig. 56, E); 
this genus contains a single species, C. baccifer , the range 
of which extends from central Europe to Japan and which 
formerly occurred as an introduced plant in the Isle of 
Dogs. 

Associated with the different, degrees of elaboration in the flower 
are differences in their relation to insect-visitors and the manner 
of pollination. The simpler, more open flowers of Alsinoideae 
with easily accessible nectaries at the base of the outer 
stamens invite short-lipped flies or bees, and such visits are 
efficacious in the transport of pollen from one flower to another. 
On the other hand, when the nectar is concealed at the bottom of 
a deep tube, as in the Silenoideae, only the visits of insects with a 
long proboscis, such as the larger bees, moths or butterflies, are 
effectual in cross-pollination. Such visitors are more especially 
catered for by the strong sweet scent, often, as when night-flying 
moths are invited, emitted only at night, by the larger white or 
brightly coloured corolla, and by the fine markings (honey-guides) 
round the entrance of the tube; characters which are generally 
associated with the visits of Lepidoptera. The inconspicuous 
flowers of the Paronychieae , in which nectar when present is easily 
accessible, attract only minute short-lipped insects. 

I ho chances of cross-pollination are frequently increased by 
dichogamy in the form of proterandrv, rarely of proterogvny. For 
instance, in CeraMium arvense , there are three stages in the history 
of the mature flower. In the first the anthers of the outer whorl 
of stamens dehisce and are covered with pollen, while those of the 
inner whorl are not yet full-grown, and the styles are curled in¬ 
wards, hiding their stigmatic surfaces. In the second stage the 
outer whorl of anthers becomes bent out of the way, and the now 
fully-developed and dehiscing inner whorl occupies its place. In 
the third the stigmas, which in the second stage still kept their 
papillar surfaces turned inward towards each other, are spread 
out above the withered stamens, turning their receptive surfaces 
upward. As, however, in this movement the ends of the stigmas 
often come in contact with the inner anthers still bearing their 
pollen, self-pollination is ensured if cross-pollination fails. 

In St diaria media the flowers, appearing as they do at all times 
of the year except in severe frost, are for a great period shut off 
from insect-visits and depend largely on self-pollination; the 
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number of abortive stamens is greater the colder the time of year 
The fertile stamens, especially when the number has been reduced 
to three, mature in slow succession; the stigmas follow so c osely 
that thev expand fully while the second and third stamens dehisce, 
and in absence of insects regularly pollinate themselves by contact 
with the anthers. 

It has been observed that most of the distinctly proterandrous 
Alsinoideae are also gvnodioecious, plants with small pistillate 
flowers being found in bloom chiefly at the beginning of the flowering 
period of the larger-flowered bisexual plants. 1 he stamina e 
condition of the bisexual plants is thus counterbalanced by the 
presence of the subsidiary female plants. 

The seeds are generally more or less flattened, sometimes 
laterally and then attached by the edge, sometimes, as in 
Dianthus, dorsally, when the hilum is on the ventral surface. 
Dianthus is exceptional in having the embryo straight and 
surrounded by the mealy perisperm, and not, as is usual, 
curved round the outside of the latter. 

The family is a very widely distributed one, reaching from the 
arctic through the temperate and tropical zones to the antarctic. 
Alsinoideae have a more general distribution than the m 
specialised Silenoideae, which are, for instance, absent from 
Australia; Silenoideae are most frequent in the north-tcinperat 
zone, where the Mediterranean region may be regarded as ti c 
centre of distribution, containing a large number of s P^. ie * 
several characteristic endemic genera. *S ilene and lhant “ * 
both British genera, are widely distributed By far the gr « 
number of species are Mediterranean, but the former occurs on 
the mountains of tropical Africa and in Mexico and theMatter at 
the Cape. Several species of Silene (S. Cucubalu* S. marit ma 
etc.), and of Lychnis (L. Floscuculi, L. diurna) arc found 
arctic regions. ' Many genera of Alsinoideae are very widely 
distributed, for instance the cosmopolitan Stellana , Gerasti i . 
Minuartia (Alsine), Arenaria and Speyula Sagtna extends fr 
the north temperate zone to Abyssinia and Mexico. 1 lu Med - 
terranean is one of the richest areas, and contains several small 
or monotypic genera. The tribe Paronychieae contains about 

1)0 species in warm dry regions. 

The family is of little economic value, ihe roots of Sapunar 
(Soapwort) contain saponin, which yields a lather with water 
Several genera are well known in gardens, chiefly Dianlhvs, win 
includes the pinks (derived from D plurnanus), carnations and 
picotees (from D. Caryophyllus) and Sweet William (from D. bar 
balus)\ others are Lychnis , Silene , and (Jypsophila. 
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Grade B. DIAEYPETALAE 

Flowers generally bisexual, unisexual only in derived forms. 
Perianth (except in derived forms) generally in two series, 
the outer forming a calyx of sepals, the inner a corolla of 
free petals. Pollination generally entomophilous, or in derived 
forms anemophilous. 


Order 1. Ranales. 


Family I. 

Magnoliaceae. 

99 

II. 

Annonaceae. 

99 

III. 

Myristicaceae. 

99 

IV. 

Calycanthaceae. 

99 

V. 

Monimiaceae. 

99 

VI. 

Lauraceae. 

99 

VII. 

Ranunculaceae. 

99 

VIII. 

Berberidaceae. 

99 

IX. 

Lardizabalaceae. 

99 

X. 

Menispermaceae. 

99 

XI. 

Nymphaeaceae. 

99 

XII. 

Ceratophyllaceae. 

Order 2. 

Rhoeadales. 

Family I. 

Papaveraceae. 

99 

II. 

Capparidaceae. 

99 

III. 

Cruciferae. 

99 

IV. 

Resedaceae. 


Order 3. Sarracemales. 

Family I. Sarraceniaceae. 
„ II. Nepcnthaceae. 
,, III. Drosernceae. 


Order 4. Parictales. 

Family I. Cistaceae. 


* * 

ii. 

Bixaceae. 

»» 

in. 

Tamaricaceae. 

* * 

IV. 

Frankeniaccae, 

»» 

V. 

Elfttinaceae. 

* * 

VI. 

Violaceae. 


VII. 

Flaeourtiaceae. 

• * 

VIII. 

Passifloraceae. 

• • 

IX. 

Caricaceae. 


X. 

Loasaceae. 

Order 5. 

Peponifcrae. 


Family I. Cucurbitaceae. 
.. II. Beponiaceae. 
III. Datiscaeeae. 


Order 6. Guttiferales. 

Family I. Dilleniaceae. 

„ II. Ochnaceae. 

„ III. Marcgraviaceae. 

„ IV. Ternstroemiaceae. 

(Theaceae.) 

„ V. Guttiferae. 

„ VI. Dipterocarpaceae. 

Order 7. Malvales. 

Family I. Tiliaceae. 

,, II. Malvaceae. 

„ III. Bombacaceae. 

„ IV. Sterculiaceae. 

Order 8. Tricoccae. 

Family I. Euphorbiaceae. 

„ II. Buxaceae. 

„ III. Callitrichaceae. 

Order 9. Gera males. 


Family 

I. 

Geraniaceae. 

99 

II. 

Oxalidaceae. 

99 

III. 

Balsaminaceao. 

99 

IV. 

Tropaeolaceae. 

99 

V. 

Linaceae. 

99 

VI. 

Zj'gophyllaceae. 

99 

VII. 

Malpighiaceae. 

Order 10. Rutales. 

Family 

I. 

Rutaceae. 

n 

II. 

Simarubaceae. 

99 

III. 

Burseraceae. 

99 

IV. 

Meliaceae. 


Order 11. Sapindales. 

Family I. Anacardiaceac. 

,. II. Sapindaceae. 

» III. Aceraceae. 

IV. Hippocaatanaceaeu 
Anomalous Family. Polygalaceae. 
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Order 12. Celastrales. 

Family I. Celastraceae. 

„ II. Staphyleaceae. 

„ IIL Aquifoliaceae. 

„ IV. Empetraceae. 

Order 13. Rhamnales. 

Family I. Rhamnaceae. 

„ II. Vitaceae. 

Order 14. Rosales. 

Family I. Crassulaceae. 

„ II. Saxifragaceae. 

„ III. Cunoniaceae. 

„ IV. Pittosporaceae. 

„ V. Podostemaceae. 

„ VI. Hydrostachyaceae. 

„ VII. Hamamelidaceae. 

„ VIII. Plata naceac. • 

„ IX. Rosaceac. 

„ X. Connaraccae. 

„ XI. Leguminosae. 


Order 15. Myrtiflorae. 

Family I. Thymelaoaceae. 
„ II. Elaeagnaceue. 

„ III. Lythraceae. 

,, IV. Punicaceae. 

,, V. Sonneratiaceae. 
„ VI. Rhizophoraceae. 
„ VII. Combretaceae. 

„ VIII. Lecythidaccae. 

„ IX. Myrtaceae. 

„ X. Melastomaceae. 
„ XI. Onagraceae. 

„ XII. Haloragaceae. 

„ XIII. Hippuridaceae. 

Order 16. Opuntiales. 

Family Cactaceae. 

Order 17. Umbelliflorae. 

Family I. Araliaeeae. 

„ II. Umbelliferae. 

.. III. Comaceae. 


Order 1. RAN ALES 
(Polycarpicae of Eichler) 

Flowers with parts arranged spirally or spirocyclic or 
cyclic, regular, or in higher forms zygomorplnc. hlora axis 
convex, sometimes much elongated, the flower eing iypo 
gynous, sometimes in derived forms concave and more or 
less united with the pistil, the flower being peiigynous or 
epigynous. Perianth generally either petaloid or differentiated 
into a calyx and corolla. Stamens generally numerous. 
Carpels numerous to solitary, generally free. Seeds generally 
with copious endosperm, sometimes also with pensperm. 

Herbs or woody plants. 

The earlier families of the order include woody plants wit 
oil-containing cells in the parenchymatous tissues; m the 
later families oil-containing cells are absent and the plan s 

are generally herbaceous. 
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A. Woody plants. Oil-cells present in the 

parenchymatous tissue. 

Family I. MAGNOLIACEAE 

Flowers bisexual or sometimes unisexual, regular, hypo- 
gynous, spiral or spirocyclic; floral axis convex or elongated. 
Perianth whorled, and sometimes more or less distinguished 
into calyx and corolla. Stamens usually numerous. Carpels 



Fio. f> 8. A. Flower of Magnolia heptaptta cut open to shew androecium and 
gynoecium. B. Oynoeeium of same cut lengthwise. (\ Fruit of same. 
I). Fruit of Ifliciunt anisatum. E. Portion of axis of same with one follicle 
and seed cut lengthwise, x 2. A, B, C reduced; D slightly reduced. (A, B 
after Wettstein; C after Baillon: 1), E after Engler.) 

usually numerous and free, sometimes whorled, rarely united. 
Ovules parietal, anatropous with two integuments. Fruit a 
follicle, a winged nut or a berry. Seeds containing a copious 
endosperm with a small embryo. 
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Shrubs or trees with alternate entire, rarely lobed, often 
stipulate leaves, and generally solitary, terminal or axillary 
flowers. Oil-containing cells are present in the parenchyma 

of stem and leaves. 

Oenera 18 ; species about 300. Tropics of Asia and America 
extending into the north temperate zone in the Himalayas, 
Eastern Asia, and Atlantic North America (in Tertiary times 
the distribution was circumpolar), and in the genus J)nmys 
and allies into the south temperate zone m America an. 

A 'The genera fall into three subfamilies characterised by the 
degree of development of the floral axis, presence or absence 

of stipules and habit. 

Subfamily 1. Maonolioideae. The leaves bear sheath.ng 
stipules which enclose the next younger leaf in the bud-stage. 
The flowers are usually bisexual with an elongated floral axis. 
There are ten genera. Magnolia includes about -0 species of 
shrubs ami trees with entire leaves and terminal flmvers 
which sometimes appear in the spring before the leaves 

(Asiatic species), or with the leaves, as in the North A, " e ™ 
species; M. graruHflora of the southern Unite. Mates ami 

well known in cultivation, is evergreen I lie leaveB ° * 
floral envelope are usually in three whorls of typically three 
members each; all are petaloid or the outer whorl ,s sepaloi.b 
An indefinite number of stamens arranged spirally is < 
by numerous free carpels, also spirally arrange, oil i 
elongated axis. The fruits open along the dorsal suture and 
the one or two seeds, which have a fleshy coat hang suspended 
by the unrolled spiral vessels of the funicle (fig. o , >' 

70 species occur in tropical Asia, Eastern sia an< 

North America; fossil species indicate that in ( retaceous and 
Tertiary times the area of distribution extended right a ross 
the north temperate zone and as far north as Greenland nd 
Spitsbergen and also included Australia. Lirux cm .. 

sented by L. Tulipifera (Tulip-tree), a native of Atlanta 

North America, and a closely allied species in ( h,,, J * 
in having blunt commonly four-lobed leaves, while the Ho e, 

has three sepals succeeded by two trimerous w >°r s <> 
petals; the numerous fruits are one-seeded and wing ■ _ 

present anomalous distribution is explained >\ it e - 
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of nearly related fossil species in the Tertiary beds of Europe 
and Greenland. There are eight other genera in Eastern Asia 
and tropical America. 

Subfamily 2. Illicioideae. Evergreen trees or shrubs with 
exstipulate leaves and a short convex floral axis. There are 
six genera and all except Illicium are remarkable for the 
absence of vessels in the secondary wood, which resembles that 
of Conifers. The flowers are solitary or in terminal or axillary 
inflorescences, bisexual, or sometimes diclinous in Drimys. 
Illicium has numerous perianth-leaves (the outer shorter and 
sepaloid, the inner becoming petaloid) spirally arranged, as 
are the stamens, and a whorl of 8-20 free carpels, which in 
the fruit form a radiating star of one-seeded follicles. The 
20 species occur in Atlantic North America and in Eastern 
Asia. Fossil species occur in the Tertiary beds of North 
America and England, and in the Pliocene of Australia. In 
Drimys the six or more petals are enclosed when young by a 
membranous sac which splits into two or four sepals; the 
carpels form a whorl, and contain each many ovules. D. WiiUeri 
(Winter's Bark) occurs in the highlands from Mexico to the 
Straits of Magellan ; other species occur in Australia, New 
Guinea, the Philippines and Borneo. Zygogynum, a small 
genus from New Caledonia, has a cup-like calyx, and a few 
unequal petals; the many-ovuled carpels are united and the 
fruit is a berry. 

Subfamily 3. Schizandroideae. Climbing shrubs with 
deciduous exstipulate leaves and solitary axillary flowers; the 
flowers are unisexual with the parts arranged spirally on a 
convex axis which may become elongated in the fruit. The 
numerous carpels are free, contain two ovules, and remain 
closed in fruit forming a berry. There are two genera, the 
species of which occur in tropical and Eastern Asia with one 
in Atlantic North America. 

The flowers in this family contain no nectar and are 
pollinated by insects which find shelter in them. 

The speeies of Magnolia are cultivated for their foliage and 
large showy flowers; the Tulip-tree is also grown as an ornamental 
tree and affords useful timber. Star-anise, used medicinally and in 
the manufacture of liqueurs, is the fruit of Illicium verum (China); 
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the bark of Drimys Winteri is known medicinally as Winter s 
Ba Snme stress from the point of view of phytogeny, as indicating 

a.’SWJtnS 
tssg ^£*£,»r= 

5sA1£C^^.1^^4s!rjsfS; 

structures are developed m the roo • vessels formerly 

^ z 

ori^nal’syste^n^^Hans^aUier^sfregarded'thefann^y as^rcprcsciiting 
elongated 

kssjs £-» 

3 

connecting Magnoliaceae and the oth P . J ew has been 
Dicotyledons with a Be»nrf<««-l.ke anctstor. This ™>w^ 
developed by Arbor and Parkin, 1» and LotsytS) m J h , 
Angiosperms also starts with tho Magnobacea^ M re recenW 
however, Hallior,3, has revised Ins system and^ now r ega™ 
Berberidaceae as the earliest existing represon , d from 

sperms, and derives both Dicotyledons and Monocotyledor 
a primitive type of this family, Proberbendeae. 
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Family II. ANNONACEAE 

A family widely spread in the tropics of both worlds containing 
about 800 species very unequally distributed among 62 genera. 
They are woody plants, sometimes climbing, with alternate entire 
exstipulate leaves, and large regular hvpogynous bisexual, rarely 
unisexual, flowers which are often solitary. In some cases the flowers 
are borne on the old w'ood (cauliflorous). The perianth (absent in 
the Australian genus Eupomatia, which has also a perigynous 
flower) consists of three whorls with three, rarely two, members in 
each whorl. The outer whorl forms a calyx and has a valvate 
aestivation, the sepals are free or united below; the two inner 
whorls are valvate, or slightly imbricate and are petaloid; they 
are alike or, as in Monodora, striking!}’ different in size and form. 



Fkj. 59. A-D. Asimina Irilolxt. A. Flowering shoot, reduced. B. Flower in 
vertical section, about nat size. C. Fruit cut lengthwise shewing three 
seeds, x J. D. Seed in section shewing embryo, e, in the ruminate endosperm, 
nat. size. E. Fruit of Annoiui squamosa, reduced. (A after Lo Maout and 
Decaisne; B-E after Bnillon.) 

Above the perianth the axis forms a large convex receptacle on 
which are spirally arranged an indefinite number of stamens 
succeeded by numerous carpels. The stamens are peculiar and 
consist of a short thick filament bearing a pair of extrorse anthers 
above which is an outgrowth of the connective varying in form 
in different genera. The anatropous ovules are generally numerous 
in a double row on the ventral suture of the carpel. The fruits are 
fleshy and form separate berries which, when many-seeded, shew 
constrictions or fleshy ingrowths of the pericarp between individual 
seeds; or the ovaries become united with each other and the floral 
axis to form a fleshy mass in which the seeds are embedded as in 
Aunona squamosa (Custard Apple) (fig. 59, E). 
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The seeds are large and occupied almost entirely by a. d^ply 
ruminated endosperm in the upper portion of which « embedded 
a small embryo. Oil-sacs occur throughout in the parenchyma, even 
in the parts of the flower. The large fleshy fruits of many species 
are eaten, for instance, the Custard Apples (Annona); other species 

allied - the Magnoliaeeae; a eon- 
stant distinction is the ruminated endosperm. 


Family III. MYRISTICACEAE 

A small tropical famUy of aromatic plants aHie-d to A-rnonaceae 
in the trimerous perianth, and the strue ure of the seed Like 
Annonaceae also they are woody plants with alternate exstipulate 



. , V Vn.it the pericarp is splitting, exposing the 

Fit). 60. Myrishm fragraru, A. *ruit. tl ?e ^ i Sced in section; 
seed. B. Seed surrounded by the. aril, a, n,* g q d An(lr oecium of 
a, aril; «, seed-coat; n, ruimna t tndina'l section; p. perianth; o, ovary. 

Tb c”enSTrled- <A •<«- B '™‘ snc: B ““ ° 

after Luerescn; D and E after Baillon.) 
coriaceous simple entire loaves, 

™e, in dioec:ou P 8 a S regu.a, 

sm? v-r F 

9-2 
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have a solitary free carpel with a short or obsolete style and con¬ 
taining a solitary basal anatropous ovule. The fruit is fleshy, the 
pericarp splitting along both the ventral and dorsal sutures and 
exposing the large seed which is more or less completely enveloped 
by a branching fleshy aril springing from the base of the short 
funicle. The hard testa encloses a deeply ruminate aromatic oily 
endosperm, in the base of which is a small embryo with a short 

radicle and leafy spreading cotyledons. 

The species are spread through the tropics of both Worlds but 
are most numerous in tropical Asia. Myrislica fraqrans (Nutmeg) 
(fig. 60), a native of the Moluccas, is now widely cultivated; both 
the seed, nutmeg, and the aril, mace, are used as spices. 

The family was regarded by Alphonse De Candolle as repre¬ 
senting a single genus containing about 80 species. O. Warburg 1 
in a more recent monograph subdivides it into 11 genera, which 
form geographical groups, and contain about 250 species. 


Family IV. CALYCANTHACEAE 

A small familj’ containing the single genus Calycanfhus with 
a remarkable distribution; two or three species in China (some¬ 
times separated as a distinct genus, Chimonanthus ), three species 
in the Southern United States, one in California, and one in 
Queensland. They are shrubby plants with opposite entire 
leaves, bisexual acyclic flowers with numerous petaloid perianth- 
leaves, 10-20 stamens, and about 20 free carpels situated on the 
inside of a cup-shaped floral axis and containing each two 
anatropous ovules with two integuments. The one-seeded 
indehisccnt fruits are enclosed in the enlarged floral axis. 
There is hardly any endosperm, the seed being nearly filled 
with the spirally rolled cotyledons of the large embryo. Oil-sacs 
occur generally distributed in the parenchyma of all parts of 
the plant. Outside the normal ring of bundles in the stem are 
four bundles with inverted orientation, tho xylem being towards 
t lie outside. 

They resemble Magnoliaceao and Annonaceao in the acyclic 
flowers and the presence of oil-sacs, but are distinguished by the 
opposite leaves, and the largo embryo which nearly fills tho seed; 
also by the porigynous flower which, however, occurs in the 
anomalous genus Eupornalia of Annonaceao. Calycanthus fiorida 
(Carolina Allspice) (fig. 61, A), native in the southern United 
States, with fragrant deop red flowers, is a garden-plant. 

* “Monographic dor Myristicaoeen." Xova Acta Acad. Leap. Carol. Hot. hxvill 
(1897). 
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Family V. MONIMIACEAE 

A tropical and subtropical family containing 32 genera of trees 
or shrubs, rarely climbing, with evergreen leathery, generally 
opposite, exstipulate leaves, and containing aromatic oil-cells. 
The flowers are solitary or cymose and usually unisexual. I he 
floral structure is remarkably varied, but generally characterised 
by a more or less cup-shaped, sometimes very deeply hoi owed 
receptacle on the inside of which the stamens and carpels are 
borne (fig. 61, B, C). The perianth-leaves (sometimes wanting) 
are small and four to many in number; in the latter case the inner 
are petaloid. The stamens are generally numerous, but sometimes 
few the dehiscence of the anthers is longitudinal, transverse or 
sometimes valvular and the short filaments are sometimes pro- 



1 
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Baillon.) 

vided with a pair of lateral appendages (compare Lauraceae). The 
carpels vary similarly in number but are generally numerous; the} 
are free and contain each a single ovule, the position of which 
varies The one-seeded indohiscont fruits arc generally enclosed 
in the enlarged floral axis. The small embryo is enclosed m a 

copious, not ruminate, endosperm. 

The family is of considerable interest from its relation to 

Magnoliaceae on the one hand and Lauraceae on the other. 1 ho 
structure of the flowers suggests Magnoliaceae with a concave 
floral axis, in which the numerous stamens and free carpels are 
depressed. The small embryo embedded in a copious endosperm 
also recalls Magnoliaceae, but the biological character of the 
flowers—inconspicuous and generally asexual—is very different. 
In the perigynv, and the occasional valvato dehiscence of the 
anthers and appendaged filaments, an affinity is indicated with 
the Lauraceae. There are about 350 species. 
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Family VI. LAURACEAE 

A family of woody plants, excepting the parasitic Cassytlia, 
with coriaceous, generally smooth, simple and entire leaves, 
which are exstipulate and arranged alternately, though some¬ 
times, by shortening of the internodes, apparently opposite 
or wliorled. A character is the presence in the leaves 



Flo. tl2. A. Flower <>f Cinunmomum zei/lanicum in vertical section, enlarged. 
U. Fruit of Su-ssafnis officinale, nnt. size. C. Berry, enclosing seed, of Latims 
nnbilii, in vertical section; r, cotyledon; enlarged. I). Floral diagram of 
('inHnmomum zeijl>imcuni. E. Floral diagram of male flower of Laurus 
nobtli*. ( A, B, C after Baillon; D, E after Eichler.) 

and cortex of cells containing ethereal oil; mucilage-sacs 
may also be present. The flowers are generally in many- 
flowered terminal or axillary inflorescences of a racemose type, 
which, however, may pass in the ultimate branchings into 
dichasia. They are bisexual, or sometimes unisexual by 
reduction, and regular, with the parts arranged in generally 
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trimerous whorls. The two outer whorls form a perianth, the 
members of which are generally similar, rarely as in 
(fig 64), the outer are smaller than the inner, • e X a 
mll umted at the base and are situated with the stemens 
on the edge of the concave receptacle from the bottom of 
which springs the pistil. The typical flower contains four 
whorls of stamens which are rarely all fertile, generally tlie 
innermost is reduced to a whorl of stammodes, as in Perse* 
(fig 63) and Cinnamon (Cinnamomum zeylamcum, fag. bZ, Ufa 
or it is absent. Further reduction occurs in some genera on^ 
two whorls or even a single whorl, being functional these 
variations in the androecium together with the number, two 
or four, of pollen-sacs, and the introrse or extreme de¬ 
hiscence of the anthers, supply useful generic charact ^ 
A constant character is the mode of dehiscence of the 
anthers by a valve opening from below upwards. The 
anthers of the third whorl have often an extrorse dehiscence 
those of the other whorls being introrse, and their filament, 
frequently bear a pair of lateral glandular outgrowths, as do 

also sometimes those of the outer whorls. . 

The pistil consists of a one-celled ovary contain g 

single pendulous anatropous ovule, and bearng ty 
ending in a stigma which is often three-cleft The threeclett 
stiema suggests the presence of three carpels, which Eicliler 
considered to be represented in the pistil; Payer.’ ^^itRs 
others, following the development of the g concludes , 

monocarpellary, but more recen y r pistil 

esDeciallv from his investigation of Cassytha , that the pisti 
LTompo y sed of several, usually three carpels one. posterior, 
which is prolonged into a style and stigma, ^ two 'atero 
anterior which abort. The fruit is a berry, rarely a drupe 
as in Persea (fig. 63), and more or less enveloped by the cup 

shaped Receptacle, and somet imes also by 

of the perianth, as in Cassytha (fig. )• fleshy 

filled by the large embryo consisting of a pair g 

straight cotyledons protecting the small plumule, and a short 

“TT^urel, differs from the usual case, which we 

> Camples Rendu*. Paris, cxlv. 570 (1907). 



136 


FLOWERING PLANTS 


have considered, in having dioecious or polygamous flowers 
with the parts arranged in fours. In the male a four-leaved 
perianth is followed by a varying number of stamens, 
generally 8-12, in two or three whorls, the innermost of which 
bear a pair of lateral glands (fig. 62, E). The female flowers 
have generally a whorl of staminodes alternating with the 
perianth-leaves. 



Flo. 63. Perse a americaiia. A. Leaf and inflorescence, x $. B. Flower, x 3. 
C. Pistil cut open to shew ovule, x 3. D. Drupe, the upper part cut away to 
shew the stone, x k. (From Flor. Jam.) 


Cassi/tha consists of herbs resembling Dodder in habit 
(fig. 64), having slender cylindrical stems attached by suckers 
to their host-plant; leaves are absent or scale-like. The 
small flowers are generally collected in heads or spicate, 
having three sepals, three petals, 3 + 3 + 3 stamens and 
an inner whorl of three staminodes, as usual in the family. 
The petals are much larger than the sepals. The perianth- 
tube is little developed in the flower but increases consider¬ 
ably in the fruit forming a succulent outer covering. 

The 40 genera contain about 1000 species; thej r are common 
forest-trees in tropical Asia and America. There seem tobetwo 
main centres of distribution: one is in tropical south-eastern 
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Asia whence the family ranges northwards to South China 
and Japan and southwards to Australia; a second is in 
Brazil from which it extends southwards to the Island of 
Chiloe and is represented northwards by a few genera in the 
United States, Sassafras, and Lmdera reaching Southern 
Canada. Africa is poor in species. The only European 
representative at the present day is the Bay or true Laurel 




Fio. 64. Cassytha filiformis. A. Portion of stem Flower, x(5. 

raent to leaf of host-plant by hauBtxma (*). ? ^ p| 8 ti|. E. Fruit, 

C. Flower spread out to shew arrangeme p ’ whic j 1 ^as becomo much 
x 2; it is enclosed by the succulent u . P. Seed in section 

increased in the fruit and boars the P e ” , em if rvo t m (From b'lor. Jam.) 
shewing one cotyledon, c, and the axis of the embryo, 

{Laurus nobilis) in the Mediterranean region, probably 
originally a native of Western Asia Fossil leaves, and als 
fruits and flowers of several genera found m Miocene tmta 
in Europe, North Asia, Greenland and elsewhere indicate a 

much more northerly extension of the genus in Tertiary 

times. . 

Many of the species are of economic or medicinal 

account of the volatile oil c trees yield respectively 

zeylanicum ^ NorthAmerican Sassafras (6’. offici- 

Z~ wood; a speciea 
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of Nectandra yields the Greenheart wood of Demerara, and there 
are other valuable timber-trees. Per sea americana, a native of 
tropical America, now widely cultivated, has a delicious pear- 
shaped fruit (a drupe), the Alligator or Avocado Pear. 

B. Generally herbaceous plants. Oil-cells absent. There 
is evidence from their arrangement that the sepals are 
derived from bracts and , on the other hand , that the 
petals are generally stamens which have become 
nectar-secreting structures or merely coloured at¬ 
tractive organs. 

Family VII. RANUNCULACEAE 

Flowers bisexual, spiral or spirocyclic, rarely cyclic, regular, 
more rarely medianly zygomorphic, hypogynous. Perianth 
simple and petaloid, and generally succeeded by nectar- 
secreting structures of various forms, or differentiated into 
a distinct calyx and corolla. Stamens generally indefinite and 
free. Carpels indefinite to few or solitary, rarely united, with 
numerous to few ovules with one or two integuments. 
Pollination generally by aid of insects. Fruit a follicle or 
achcne, rarely a berry. Seeds containing a copious oily 
endosperm with a small embryo. 

Generally perennial herbs with usually alternate, more or 
less divided leaves, and solitary orcymose, often showy, flowers. 

Genera 30; species about 1200. Chiefly in the temperate 
and colder parts of the earth. 

The cotyledons are generally epigeal in the form of stalked 
or sessile small ovate green leaves; the stalks are sometimes 
united, either partially or completely, forming a tube through 
which the epicotyl breaks laterally as in Monocotyledons; 
this occurs in species of Anemone, Delphinium and others. 
The union may extend also to the blade as in Eranthis and 
Ranunculus Ficaria. In some cases, as in Clematis recta , 
Paeonia and others, the cotyledons are hypogeal. 

The plants are generally annual or perennial herbs, persisting 
. ^^f ^ In m, or by tuberous roots as in Paeonia , 

species of Ranuncidus, Aconitum and others. 

The leaf-base is usually broadened into a sheath which is 
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sometimes elongated into a pair of lateral stipular lobes as 
in Thalictrum , the Batrachium section of Ranunculus (Water 
Crowfoot) and others. The blade is sometimes entire; it is 
then narrow as in Myosurus and some species of Ranun¬ 
culus (as R. Lingua and Flammula) or cordate as in R. t icana 
and Caltha. Generally, however, the blade is palmately lobec , 
divided or compound, rarely pinnately as in A anthorrhiza 
and species of Clematis. Special forms are the dissected 

submerged leaves of the 
aquatic species of Ranunculus 
and the climbing leaves of 
Clematis', in the latter the 
petiole, rachis and some¬ 
times even the blade are 
sensitive to contact. In C. 
aphylla the whole of the leaf 
becomes a tendril and the 

work of carbon-assimilation 
is done by the green cortex 
of the stem. 

The course of the vascular 
bundles in the stem is in some 
genera ( Actaea,Cimicifuga and 
Thalictrum) suggestive of the ^ 65 Longitudinal (A. B, c, E. M 

,, . , j and transverse (D) sections of carpels 

Monocotyledons. ™ d A '. nemmesa : B. 

The family may be divided cu iu*acri8-, C. Myo*urusm « n .mud; o . 

. ii, . Delphinium Consolida; K. Calhanlhe. 

mto three tribes . ruti j oUxim . F , Thalictrum min,,*. 

Tribe 1. Helleboreae, in AH enlarged. (Alter ^runtl.) 

which the ovules are arranged 

in two rows along the ventral suture of the carpe s 

and the fruit is a follicle or rarely a berry. . t 

Tribe 2. Anemoneae, in which a solitary ovule _ • _ 

the base of the ventral suture (fig. 65, B, C, F) and 

is an achene. . , , , „ lore™ 

Tribe 3. Paetmieae, which is distmgu.shed by the large 

development of the outer ovule-integumen , with 

arranged as in Helleboreae and the fruit is a follicle 

fleshy walls. , , • 

Great reduction in the number of ovules occurs 
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of the Helleboreae as in Xanthorrhiza, where there are two, 
while the fruit is a one-seeded pod, and in Callianthemum, 
where only one ovule comes to maturity (fig. 65, E) and the 
fruit is one-seeded and indehiscent. On the other hand, 
rudimentary ovules may occur above the solitary ovule in 
Anemoneae as in Anemone nemorosa (fig. 65, A); and the 
ovule may become pendulous by elongation of the basal 
portion of the suture (fig. 65, F). 

The most constant feature of the family is the internal 
arrangement of the seed, which contains a small embryo in 
the apex of a copious oily endosperm. 

Tribe 1. Helleboreae. A comparative study of the genera of this 
tribe by Schrodinger(i) is here summarised. In the more primitive 
forms ( Callha , IJelleborus, etc.) the perianth is spiral and is 
continued from the spiral arrangement of the foliage-leaves; 
in the later forms it becomes cyclic. The perianth is therefore 
here regarded as having originated from the foliage-leaves. In 
most genera “honej'-leaves” are present; these are shewn to be 
the transformed lowermost members of the rows of stamens, and 
the origin of the corolla. The primitive form of flower con¬ 
tained three kinds of organs: (1) perianth or calyx, (2) stamens, 
which may in part be changed into honey-leaves, and (3) carpels. 
Two developmental series are distinguished, namely: 

(a) Isopyroideae, in which the members of the corolla, when 
present, alternate with the sepals, the petals (honey-leaves) and 
staminal rows being opposite the spaces between the sepals, and 

(b) Trollioideae, where the corolla when present is episepalous. 

The Isopyroideae have all actinomorphic flowers and are hence 

less advanced than the Trollioideae , the higher members of which 
(Aconitum and Delphinium) are markedly zygomorphic. 

(a) Isopyroideae. In Helleboms the flower has a green, reddish or 
white persistent perianth of five leaves, followed by a varying 
number of short tubular honev-leaves. The very numerous 
stamens (generally more than 100) are in 13 rows and usually the 
first member of each row is converted into a honey-leaf (nectary). 
In some species, as H.foclidus, only eight or fewer of the outermost 
stamens form nectaries, and cases occur where there are only five 
such which alternate with the sepals. Such cases supply the tran¬ 
sition to the arrangement in Isopyrum, where the honey-leaves are 
in a whorl of five alternating with the five sepals, and thus may bo 
regarded as a definite corolla. As in Ilelleborus , there are about 
13 rows of stamens, but the total number is greatly reduced. 






F.O. 00. A. Flower of HdUbonu, m„er in vertic.1 

MTS. S^S3Wi5 r zsg&zs i rws , s 

nultifu*!. E. Fruit cut transversely. F. Sectary oi sam • 
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Isopyrum again supplies the transition to Aquilegia where the 
flower consists of 5-merous whorls throughout and is constructed on 
the plan Ko, C5, A5 + 5 + 5(+5 + 5), Go. The foliage-leaf of 
Hellehorus is palmately cut while that of Isopyrum is temately 
divided and resembles in this Aquilegia. The tubular honey-leaf 
of Isopyrum is in some species very obliquely cut and approaches 
in form the spurred honey-leaf characteristic of Aquilegia. 

The other genera of the tribe, Anemopsis, Cimicifuga, Actaea, 
Coptis and Xanthorrhiza, resemble Isopyrum and Aquilegia in the 
generally temately divided foliage-leaf and the tubular honey-leaf, 
but differ in the* toothed margin of the leaf-segments and the 
more open character of the nectary. In Actaea and Cimicifuga , 
which are sometimes united as a single genus, there are generally 
four sepals, which soon fall, and four or fewer petal-like “honey- 
loaves’’ which are sometimes devoid of nectar, generally numerous 
stamens and one ( Actaea) or one to several ( Cimicifuga) carpels. 
Flowers with trimerous calyx and corolla also occur. In Coptis 
there are generally live sepals, alternating with which are five 
smaller honey-leaves, some of which are, however, often in¬ 
completely developed and without noctar; the numerous stamens 
are often arranged in 13 rows, and the carpels (10-1) are often 
stalked. The flowers of Xanthorrhiza (a monotypic genus of the 
woods of Atlantic North America) are, like those of Aquilegia , 
cyclic anti pentamerous, but small and inconspicuous, with fewer 
staminal w horls. They have the formula K5, Co, A5 (or 5 + 5), Go. 
Eranthis (Winter Aconite) resembles Hellehorus in floral structure 
but the sepals, which vary in number from five to nine (generally 
six)< 2 ), are smaller, yellow and deciduous; the radical leaves are 
palmate, the cauline form an involucre just below the flower. 

(h) Trollioideae. The lowest floral stage is represented by Caltha, 
where there are no honey-leaves, but a nectary is present on the 
carpel; the plant closely resembles Trollius in the form and 
development of its leaf. There are from 5-15 deciduous white 
or \ellow perianth-leaves, 80-150 stamens in 21 rows, and 5-10 
carpels. The flower of Trollius is similar but a varying number 
of the first members of the staminal rows become transformed into 
small narrow honey-leaves which have a short claw and a small 
flat blade with a nectary at its base. Schrodinger explains the 
variation in the number of the staminal rows by exigencies of space 
on the floral axis. 

In Xigclla the five pot aloid perianth-leaves are generally followed 
by eight well-developed honey-leaves (nectaries) and an eight- 
rowed superposed androecium; the carpels (5-12) are more or less 
united to form a compound ovary. 

The zvgomorphic genera (Delphinium and Aconitum) are derived 
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from a Nigella -like flower. The stamens and carpels are spirally 
arranged *and shew no trace of the median symmetry which .s 
determined by the structure of the calyx and corollo The cal) x 
is arranged i/the quincuncial whorl, so frequent in Dicotyledons, 

‘t 8 hans g the second q developed sepal is median and ^enor^ut 

Delphinium this is spurred. There are ongtnallj, as in N.geUa, 



Flo. 67 . A. Flower ot Adam ,pia,la. B-Flower °aptUm 

Myosurus mimmiui in vertical section. • • p Fruit of Aconilum. 

in Vertical section. E. Floral d.agram ». emit, sperm. 

A, F and*G‘variously cnlarg«l- (A B^afUr Bai.lon; I> after Wanning.) 

eight honoy-leaves, a pair opposite eaeii of the tlire °^ )1 P t he 

and one opposite each of the two younger He^h^Ofth^e n 
four in the lower part of the flower are either suPassed orton* 

slender functionless structures; the median a era function 

petal-like structures which have lost the nectar-secreting funct.O h 

but are closely associated in the insect-attrac ng 
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the median posterior pair which have a projecting blade and a 
nectar-secreting spur sunk in the spur of the back sepal. In the 
section Consolida (which includes D. Ajacis , a central and southern 
European species formerly found in Cambridgeshire) the two median 
petals have become united into a single structure with one spur. 
In Aconitum the completely free median petals are less con¬ 
spicuous and are borne on long slender stalks and hidden in the 
large hooded dorsal sepal. In both genera there are usually three 
carpels which are free, but the Consolida section of Delphinium 
has only one. 

The fruit in the Helleboreae is generally a follicle containing 
few to many seeds; the single carpel of Aciaea forms a many-seeded 



Fit;. 08. Clematis dioica. A. Bud of male flower, x 2. B. Male flower open, x 2. 
C. Female flower, x 2. 1). Carpel, x 5. E. Achene cut lengthwise, x7; 
«\ endosperm; c, cotyledons; r, radicle. F. Leaf. (A, B after Eichler.) (From 
Flor. Jam.) 

indehiscent berry. In Xanthorrhiza the carpels contain a pair of 
ovules, and the fruit is a one-seeded pod. In Nigella the carpels 
are more or less united and in N. damascene, (Love-in-a-Mist) the 
fruit forms a septicidal capsule which has largo hollow spaces be¬ 
tween the inner and outer layers of the pericarp. 

Tribe 2. Anemoneae. The flowers in this tribe are all actino- 
morphic and suggest a more primitive type than the Helleboreae. 
They have not, however, been so exhaustively studied as has the 
latter tribe. Wo may distinguish several groups. The first com¬ 
prises Anemone, herbaceous plants, rarely shrubby, with palmately 
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or rarely pinnately cut radical leaves, and a whorl of three stem- 
leaves forming an involucre which sometimes, as in A. Hepatica, 
stands close beneath the flower. The flowers are usually solitary. 
The five, six or more perianth-leaves are petaloid; true petals are 
absent and there are numerous stamens (according to Schrodmger 
in 13 rows) and carpels. The single ovule is pendulous and in the 
subgenus Pulsatilla the achene is crowned by a long hairy st\le. 
Warming associates with Anemone the genus Thahctrum (Meadow- 
rue) with alternate temately highly compound leaves and numerous 
small flowers in corymbs or panicles. There is no mvo ucre, i 
the perianth consists of four to five small greenish leaves which 
soon fall. The numerous stamens are longer than the perianth 
the ovule is pendulous (fig. 65, F) and the fruit is a small head of 
achenes sometimes reduced to a single achene. 



Fio. 09. Inflorescence (axillary dichasial cyme) °f 

of central flower showing spiral arrangement. Stain*.ns in ,, y > 
(After Eichler.) a, /». bracteolcs of central flower m the ax of each of whjen 
arises a lateral flower with braetcoles a , p and a,, p t . branching I 
in the axils of a' f a l . 

A second group is represented by Clematis which differs from 
the other genera of the tribe in the usually valvate aestivation 
the four or more petaloid sepals, and in the opposite sin;« or 
compound leaves. The plants are generally shrubby climbcn* 
clinging by means of the sensitive leaf-stalks. The flowers ar 
sometimes dioecious (fig. 68). There are numerous stamens and 
carpels, the ovule is pendulous and the achene genera ly bean, a 
long hairy persistent style, whence one of the popular 
Old Man’s Beard, of our British species, C. \ italba. 

The third group includes Myosums and Adorns m wh cl 
ovule is pendulous (fig. 65, C) and Ranunculus , whore it is cret 
(fig. 65, B). The flowers have generally five green sepals fol 
by five or more coloured petals generally bearing a J‘ > ’ 
and numerous spirally arranged stamens and carpels. Alyos , 
(Mouse-tail) includes a few species of small annual her 
narrow radical leaves and a slender scape ending in a ou 
generally five pale yellow narrow sepals have a sma )iUSt 

TO 
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the petals, of the same number and alternating with the sepals, 
have a stalk and narrow limb bearing a shallow nectar-pit; there 
are few stamens and a large number of spirally arranged carpels on 
an elongated axis (fig. 67, C). The few species of Adonis (Pheasant's 
eye) are herbs with much divided leaves, and solitary terminal 
flowers in which five sepals are succeeded by 8-16 yellow or red 
flat nectar-less petals and numerous stamens (according to 
Schrodinger, 21 rows) and carpels on a convex axis. Ranunculus 
is a large genus of annual or perennial, usual acrid, herbs with 
generally palmately divided leaves and solitary or cymose yellow 
or white flowers. The generally five sepals are green and fall 



Fxu. 70. Ranunculus repens. A. Upper portion of stem, x $. B. Fruit, x 11. 

C. Achene cut lengthwise, x 10; e , endosperm; c f cotyledons; r, radicle. 

(From Flor. Jam.) 

early, the five or more petals are generally larger than the sepals 
and bear a nectary above tho base. The numerous stamens are 
arrangod in 13 rows. The section Ficaria, represented in the 
British Isles by R. Ficaria (Lessor Celandine), has entire heart- 
shaped leaves, and generally three sepals and seven to eight (4—11) 
petals. 1 The section Batrachium contains water- or marsh-plants 

1 Salisbury, Annals of Botany, XX XIII, 47 (1919), has recently studied the 
variation in number in the park* of the flower in this and other genera. He 
concludes that the flower of Ranuneulaeea© has been derived from a triracrous 
tyjM\ which has in many cases become obscured by multiplication of parts and 
consequent changes in phyllotaxy, or by fusion and abortion. He also supports 
the view that the perianth or calyx is derived from the bracts and the petals 
from the staminal series. 
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with leaves often submerged and much divided, sometimes also 
with entire floating leaves; the petals are white with a naked 
yellow basal gland and the achenes are wrinkled. IntheSpearworts, 
R. Lingua and R. Flammula, found in wet places, the leaves are 
undivided. The presence or absence of a scale covering the nectary 
is a useful character for distinguishing species as are also the 
characters of the achene, which is variously veined, smooth, 
tubercled, hispid or, as in our cornfield species, R. arvensis, large 
and spine-bearing. 

Tribe 3. Paeonieae. This comprises the genus Paeonia (Peony), 
with 15 species, natives of temperate Asia, Europe and the 
Mediterranean region, with one species in California. P. rnascula, 
a native of southern Europe, has become established on Steep 
Holm at the mouth of the Severn. They are mostly herbs, 
sometimes shrubby, with deeply cut leaves and large solitary 
showy flowers. The flowers are acyclic or hemicyclic; in 
the former the spiral is often obviously continued from the upper 
foliage-leaves, which by shortening of the intemodes and a gradual 
change in form pass into the persistent sepals, generally five in 
number, and these in turn into the largo coloured petals. The 
indefinite stamens occupy several turns of the spiral. The two to 
five free carpels have a fleshy wall and bear along the ventral 
suture a double row of ovules in which the well-developed outer 
integument exceeds the inner—a character which distinguishes 
them from the rest of the family. Definite nectar-secreting 
structures are absent but there is a disc, or ring-like swelling of 
the receptacle, round the base of the carpels; the Japanese 
species, P. Montan, is said to be pollinated by beetles which lick 
the disc, which is remarkably developed in this species. In the 
well-developed outer integument of the ovule Paeonia resembles 
Berberidaceae with which it is classed by Hallier. It has also been 
regarded as a distinct family (3). 

The flowers of Ranunculaceae have in their conspicuous corolla, 
or petaloid calyx, or bright coloured stamens ( ThaUctrum ), a ready 
means of attraction for insects which visit them for nectar, or 
w’hero this is absent, as in Anemone (o.g. A. nemorosa), Clematis 
and ThaUctrum, for pollen. As regards their pollination by insects, 
the flowers fall under two heads. The common regular open type 
with easily accessible nectar or pollen, such as the Buttercup, 
invites, and can make use of, very various insects. Generally the 
anthers of the outer stamens dehisce first, the immature stigmas 
being meanwhile covered by the inner stamens. The stigmas, 
however, mature while the innermost anthers still contain pollen, 
so that both self- and cross-pollination are rendered possible. On 


I<>— 2 
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the other hand, in the more elaborately constructed flowers of 
Aquilegia, Delphinium and Aconilum , the shape of the flower and 
the position of the nectar, which in the two former is concealed at 
the bottom of a long spur, exclude the smaller insects, and the 
flowers are pollinated only by a few species of bees which have a 
sufficiently long proboscis. In other cases cross-pollination is 
favoured by well-marked proterandry. 

The long feathery styles on the achones of most species of 
Clematis and of the Pulsatilla group of Anemone aid in the 
distribution of tho fruit by means of wind. A hook-shaped 
j>ersistent style, or the hooked spines or tubercles on the 
surface of the achene in species of Ranunculus (as R. arvensis), 
favour dissemination by animals or birds, to the fur or feathers 
of which tho fruits are able to cling. Distribution by ants 
(myrmecochory) occurs in species of Helleborus; the ants are 
attracted by an oil-containing swelling (elaiosome) on the raphe. 
A si milar f unction is suggest ed for a swelling on tho base of t he achene 
in Anemone Iiepatica, Ranunculus Ficaria and Adonis vernalis. 

The 80 genera contain about 1200 species which are distributed 
through the temperate and cold regions of the world, but more 
especially beyond the tropics in the northern hemisphere. The 
presence of identical or closely allied species in North America 
and Central and Eastern Asia points to a former more intimate 
relation than now holds botween the floras of the two hemispheres. 

llelleboreae includes 15 genera and is almost exclusively north 
temperate or subarctic; exceptions are found in some species of 
Delphinium on tho Himalayas and mountains of Abyssinia, and 
in a section of Caltha , with species on the Andes, in the extreme 
south of the American continent, in New Zealand and in Australia. 

The eight genera of A nemoneae are, on the contrary, very widely 
distributed, occurring in the tropics and beyond to southern 
antarctic regions. Thus while the great majority of the 90 species 
of Anemone are temperate European, Asiatic or North American, 
a small section is confined to tropical East Africa and tho Cape, 
another to the Cape alone, another to the Cordilleras of Chile, 
while individual species have a wide range, such as A . multifida 
in the mountains of North America, in Chile and at the Straits of 
Magellan. Species also occur on the Himalayas, in further India 
and in Tasmania. The 250 sjK*cies of Ranunculus are chiefl}' 
temperate, arctic, and alpine plants of the northern hemisphere. 
(■U mat is (170 species) has a wide distribution but is rarer in the 
tropics than in temperate regions. 

A certain interest attaches to this family from its relation to the 
development of a natural system of classification. It was by a 
careful study of the genera that Antoine Laurent de Jussieu was 
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led to appreciate the relative value of the characters contained 
in the number, position, arrangement and structure of the organs 
of the flower, fruit and seed. He realised that plants shewing 
such wide differences in the form and structure of the floral 
envelopes as do Aconitum, Ranunculus and Clematis may yet 
be sufficiently similar in other points to justify their inclusion 
in the same family. The clue to a natural system, that is, one 
which brings together the most closely allied plants, lies in the 
discrimination between important and subordinate ch "*® to ”* 
Thus in Ranunculaceae we find, associated with considerable 
variation in other features, free hypogynous perianth-lea^^, 
numerous stamens, a superior ovary and seeds with copious endo¬ 
sperm in which is embedded a minute straight embryo. With 
rare exceptions the carpels also are free. 
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m Schbodinoeb R “Der Blutenbau dcr lygomorphen Ranunculaceen 

(1) Schbodino^. K. ^ ^ ^ ^ Gese i lsc h. Wien, iv. 5 (1909). 

(2) Salisbury, E. J. “Variation in £rauthis hiemalis, Ficana ,-erna etc. 
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Family VIII. BERBERIDACEAE 

Flowers bisexual, generally cyclic, regular, hypogynous, 
3- or sometimes 2-merous. Perianth of two to 
generally differentiated into a calyx and corolla, often suc¬ 
ceeded by two whorls of " honey -leaves. Stamens genera y 
in two whorls, rarely more; anthers with generally yah at. 
dehiscence, sometimes longitudinal. Carpel generallysolitary; 
ovules numerous to few (rarely one) on the ventral suture 
or solitary at its base; integuments two, the outer strongly 
developed and longer than the inner. Fruit a berry or 

variously dehiscing, rarely an achene. Seed c ° ntal " ,ng . 
copious endosperm and a generally small, straight emb y , 
an aril of various form is sometimes present. 

Perennial herbs or shrubs with simple or compound cx- 
stipulate leaves and flowers (often yellow) solitary or 

raceme-like cymose inflorescences. , t . 

Genera 10; species about 250. Chiefly m the north ten. 

perate zone. 
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There are two well-marked subfamilies, Podophylloideae 
and Berberidoideae. 

Subfamily Podophylloideae. Characterised by flowers 
without honey-leaves, and foliage-leaves which are not 
pinnately divided. Hydrastis has two species, natives re¬ 
spectively of Atlantic North America and Japan. The thick 
yellow rhizome of H. canadensis contains the alkaloid hydrastin. 
The plant is a low perennial herb and sends up each spring 
a single long-stalked palmately lobed radical leaf and a 
simple stem bearing two leaves below the single terminal 
greenish-white flower. The flower has three petal-like caducous 
sepals, no petals, and numerous stamens and carpels; there 
are two ovules on the ventral suture of each carpel, and the 
fruit is a head of crimson 1-2-seeded berries. The genus is 
of special interest as suggesting a link between this family 
and Ranunculaceae in which it has also been included (in 
the tribe Paeonieae). In habit it resembles Podophyllum , as 
also in the trimerous perianth, while the numerous stamens 
(with longitudinal dehiscence) and carpels indicate its 
affinity with Ranunculaceae. The sympodial rhizome and 
manner of growth are characteristic of the subfamily. Thus 
in Podophyllum peltatum, the May Apple of the woods of 
Atlantic North America, the stout rhizome bears each season 
a large round seven- to nine-lobed umbrella-like leaf, and 
flowering stems bearing two smaller leaves, from the fork 
of which springs a nodding white flower. Other species occur 
in the Himalayas and Eastern Asia, and have solitary or 
cymose flowers. The flower is trimerous, the two outer whorls 
are sepaline and fugacious, the two inner (rarely more) large 
and petaloid and there are six to nine stamens with valvate 
dehiscence of the anthers. As in the rest of the family, there 
is a single carpel which bears numerous ovules on a well- 
developed placenta. The fruit is a many-seeded berry; each 
seed is enclosed in a pulpy aril-like development of the 
placenta. The allied genera -Jeffersonia and Diphylleia have 
each one species in Atlantic North America and another in 
Manchuria or Japan. Acldys , with one species in Pacific 
North America and another closely allied to it in Japan, has 
no perianth, nine stamens, and carpels with a solitary basal 
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ovule forming an achene in the fruit. The rhizome of Podo¬ 
phyllum peltatum yields the drug podophyllin, a combination 

of a resin and a glucoside. 

Subfamily Berberidoideae. Honey-leaves are present 
in the flower, and the foliage-leaves are pinnately compound 
or simple. Berberis and Mahonia (often united in one genus 
Berberis) are shrubs bearing raceme-hke inflorescences of 
yellow flowers on short lateral shoots. In Berber* the leaves 
are simple and on the elongated shoots are often reduced to 
simple to five-partite thorns; Mahonia has pinnatclj com 
pound leaves. The flowers are trimerous; one or two outer 
whorls are sepal-like, the next is larger and petal-like then 
follow two whorls of petal-like leaves with a pair of nec- 




A C B 

Flo. 71. Uerteri. ^ari. A. F.or.1 v£K 

wotloD of ^cd^shewingcmbryiiBumiunded by endosperm. BanclCenlaniisl. 
(After Le Maout and Decaisnc.) 

taries above the short claw. The six stamens have anthers 
with valvate dehiscence. The fruit is a °"e- to few-seeded 
berrv The numerous species (together about 225) are 
widely distributed in the north temperate zone, and spread 
from North America through Mexico along thechairidI the 
Andes to Tierra-del-Fuego. Berberis vulgaris (Barberry) n 
native in England in copses and hedges; other species are 

well known in cultivation. 

In the remaining genera the inflorescence * 

Nandina domestica is a Chinese-Japanese shrub with large 
bi-to tri-pinnatelv compound leaves, compound inflorescence^ 
and trimerous many-whorled flowers. The carpels contain 
two ovules on the ventral suture. The remaining genera are 

perennial herbs. 
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Epimedium has ternate or highly compound leaves and 
simple or compound inflorescences of generally dimerous 
flowers; one to three whorls are sepal-like, two larger and 
petal-like, then follow two whorls with nectaries in the form 
of a pit or a spur. The carpel contains numerous ovules on 
the ventral suture, and the fruit is a two-valved capsule. The 
seeds bear a membranous aril. There are about twelve species 
which occur in southern Europe, temperate Asia, and western 
North America. Leontice, with about twelve species in the 
north temperate zone, has raceme-like inflorescences of 
yellow trimerous flowers, and frequently a large tuber-like 
rhizome; the fruit is dry, dehiscing more or less irregularly. 

In Berber is and Mahonia the filaments of the stamens are 
sensitive to contact, springing inwards when touched. 


'I'he common Barberry was one of the flowers figured and 
described by Karl Sprengel in his work on the mechanisms of 
flowers and their relation to insects. Sprengel thought the irrita¬ 
bility of the stamens, causing thorn to spring inwards when 
touched, was a device to ensure self-pollination. Hermann Muller, 
however, shewed that although self-pollination may ultimately 
ensue, we probably have here a means for promoting cross¬ 
pollination. I'he flowers are made conspicuous bv the three large 
bright yellow petals. The six honey-leaves have each a pair of 
large nectaries just al>ove their base. As the flower opens the six 
anther-filaments bend outwards and come to lie each opposite 
the middle line of a honey-leaf. 'I'he nectar collects between the 
stamens and ovary and a bee in search of it will touch with its 
proboscis the adjacent bases of two filaments. The anthers 
open as soon as the petals expand, the little valve moving up 
and rotating at the same time so that the masses of pollen which 
it carries with it come to face the centre of the flower. When the 
stamens are stimulated by the touch of the bee, they spring 
inwards and tiie pollen-bearing valves strike the insect’s head. 
As the stigma is represented by the papillose sticky edge of the 
disc surmounting the ovary, the bee, on visiting the next flower, 
"ill probably deposit on the stigma some of the pollen derived 
from the last. It is interesting to note that in the position assumed 
by the stamens as a result of irritation, the pollen-bearing valves 
are above, not on a level with, thestigmatic ring. Muller observes 
that, failing insect visits, self-pollination is possible, the masses 
of pollen coming into contact with the stigma by the bending 
inwards of the anthers as the flowers wither. He also state's that 
hi \e-bees after being once struck by the springing inward of the 
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stamens do not probe the same flower again but fly immediately 
to another. Humble-bees, on the contrary, were observed to thrust 
the proboscis again and again into the same flower, in whic 
case doubtless some pollen was placed on the stigma of its own 

flower. 

The cotyledons are carried up in germination and become green: 
in Podophyllum and Leontice the long stalks are united and the 
plumule breaks through laterally, as in several species of Ranun- 
culaceae. In the stem of Podophyllum , Diphylleia and Leontice. the 
arrangement of the vascular bundles is very irregular in trans¬ 
verse section. These monocotyledonous characters associated 
with the trimery of the flower have suggested a phylogenetic 
relationship with the Monocotyledons as a group. Hallier tinas 
in the Berberidaceae the origin of the Angiosperms as a whole, 
both Monocotyledons and Dicotyledons, the former having a 
distinct line of descent. 

Apart from these larger questions, there is general agreement 
as to the affinity of Berberidaceae with Ranunculaceae, in uhich 
trimery of the flower is often seen in Eranthia, and it may 
further bo pointed out that a trimerous arrangement may easily 
be derived from the ? arrangement of the perianth-leaves w Inch 
is a characteristic of the Ranunculaceae. 


Family IX. LARDIZABALACEAE 

A small family with 20 species in 8 genera, in the Hiiiwlavan 

region, Eastern Asia and Chile. With the exception of 
(Himalayas and W. China)—an erect tree-like shrub with v : 
long pinnate leaves—the plants are lianes with palmate^ con 
pound leaves. The flowers are racemose, rarely solitary, rcg . 
trimerous, and often unisexual by reduction of the 
carpels. Akebiu quinntu, a Japanese species frequen y c t 
in gardens, has three brown-purple perianth-leaves, no - 

leaves,” and two whorls of free stamens or carpels. In Lanlizaoaia 
(Chile) the plants are dioecious; the flowers have six eolomed 
perianth-leaves, six smaller honey-leaves six stamens un 
their filaments (rudimentary in the female flower) and three free 

carpels (rudimentary in the male flower). 

The stamens dehisce extrorsoly by longitudinal slii . 

carpels, which are always free, contain numerous a ”®’. rop h . t « ‘ 
sessile in longitudinal rows on the side walls o e > ■ ' 

ovules have two integuments. The fruit is a >orr -\’ j 

opening on the inside; the seeds contain a copious cn ^P tni 
a small straight embryo. The juicy' berry is o en << 

Akebia quinala. 
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Fio. 72. Hyperbatna domxngensis. A. Portion of stem with flowers and ripe 
fruit, x §. B. Male flower with one of the interior sepals bent back, x 10. 
C. Stamen, x 30. D. Female flower, x 10. E. Pistil from female flower, x 60. 
F, G. Embryo, xj;c, cotyledons; r, radicle. (A, F, G after Miers; B-E after 
Eichler.) (From Flor. Jam.) 



bio. 73. ' CtjsampcUki Pareira. A. Male inflorescence, x §. B. Male flower in 
section, x 10. C. Female inflorescence, x 6. 1). Female flower in section, 
x 12. E. Drupe cut leugthwise, x 4; r, cotyledons; e, endosperm; r, radicle. 
(After Baillon.) (From Flor. Jam.) 
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Family X. MENISPERMACEAE 
An important tropical family with about 70 genera ami 
300 species A few genera pass into the north tempera 
in ^North* 8 Americaf the eLtern Mediterranean reg.on^ and 

Eastern Asia, and also into the south tem P® r * * h America 
species from Tertiary beds in Europe and North Amen 

indicate a former more extended northerly rang . 

The plants are generally banes w.th s.mple lobed pahuatel 

veined leaves and small dioecious flown.the 
Rudimentary stamens or pistils are genera . p 3 . 

female or male flowers respectively The Aowe^are cychc,^ 
or sometimes 2 -merous,and generaUy regu ar, \ ^ which 

each of sepals, petals, and stamens (fig. ' -)> P previous 
mav be compared with the honey-leaves of the previo 

families, are smaller than the sepals and 

Increase or diminution in the num parts in calyx 

stamens occurs, and occasionally union _ Cissampdos 

and corolla, more often in the androecium , ^ 

and allied genera the ^en^um^comp ^ or 

central column (fig. /3, x>). r , h#>mianatropous 

rarely more, sometimes solitary, wi^ asing^ ^ ntral sutU re. 

pendulous ovule, with two integum , , stron „ dorsal 

The fruit is a drupe, the apex °* whlch £ d g crm is present , 
growth often approaches the baa ^ ^dp ^ ^ bent 

sometimes ruminate, or absent, • rema rkablv 

In Cissampdos (fig. 73, D) the female flower ^ 

zygomorphic, having a single sepal, two often un.ted p 

an is%~% P occurs in climbing woody plants, abnormal 
secondary growth is “^cambium ceases 

rs,: tZLl ■ 

cortex in which new collateral bundles are form • P 
of this process leads to the format,on of concentnc nng 

bundles. „, _ 

Family XI. NYMPHAEACEAE 

Flowers bisexual, regular h^gyn^ to pe^ynous, a^' 

hemicycbc or cyobc. Perianth-leaves free, s,x to 
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generally differentiated into a calyx and corolla, the petals 
often passing into the stamens (6-00 ). Carpels 3 -», free or 
united; ovules l-» on the inner walls of the carpel, each 
with two integuments. Seeds often arillate, generally with 
both perisperm and endosperm; embryo well-developed with 
fleshy cotyledons. 

Water- or marsh-plants with generally submerged or 
floating leaves and large showy solitary flowers. 

Genera 8; species about 100. Cosmopolitan. 


The cotyledons are hypogeal; in germination the plumule 
elongates and bears first an awl-shaped leaf (except in 
Xdumbo, where the adult peltate form is at once assumed); 
this is generally followed by lanceolate, sagittate, or ovate 
submerged leaves which precede the development of the 
adult floating form. In Cabomba a pair of awl-shaped first 
leaves is succeeded by a decussating pair of the characteristic 
much divided submerged leaves. The stem is a rhizome 
which is short, thick and erect, as in Victoria, where it lives 
for a few years, and in Euryale for one year; or a long-lived 
branched rhizome creeping in the mud, as in our native 
A uphar and Xymphaea. The vascular bundles have the 
woody elements much reduced; in the absenceof cambium and 
in their scattered arrangement in the parenchymatous ground- 
tissue they recall the arrangement characteristic of Mono¬ 
cotyledons. Laticiferous vessels are present. So-called 
stellate hairs, or radiating supporting cells, frequently occur 
in the angles of the walls of the large intercellular spaces, 
especially of the leaf-stalks. 


I he family tails naturally into three subfamilies, two of 
u hich,( abomboideae and Nelumbonoideae, have free carpels, 
whilst in the third and largest, Nymphaeoideae, the carpels 
are united. Nelumbonoideae, which contains the single genus 
A dumbo, is distinguished by the fact that except for a thin 
membrane of endosperm the embryo completely fills the 
seed; in the other two subfamilies both endosperm and 
perisperm are present. 

■Subfamily 1 . Cabomboideae. Contains two genera, 
( a bomba and Brascnia. Cabomba has six species in the 
warmer parts of America. The erect svmpodia 1 rhizome bears 
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closely arranged scale-leaves in the axils of which arise long 
floating steins which bear decussating deeply cut submerged 
leaves, and, at the flowering period, spirally arranged peltate 
round floating leaves. The flowers originate laterally, and 
Raciborski(i) compares the relation of leaf and flower with 
that obtaining between the leaf and tendril in the Vitaeeae. 
At the growing point of the stem, leaf-primordium and 
flower-primordium originate alternately in spiral succession; 
later the internode between each pair of primordia elongates 
so that leaf and flower stand at the same level. Vegetative 



buds are developed in the leaf-axils. Ihe cyclic flower has 
three sepals, three petals alternating with these, three to six 
stamens and usually (two or) three free carpels. Sepals ana 
petals are yellow in the widely distributed C. aquatica (Mcm< o 
to South Brazil) which has proterogynous flowers, white in 
C. caroliniana (south-eastern United States) and red-vioe^ 
in the other species. A few ovules are borne on tic sK ° 
the carpels. The fruits are indehiseent pods which contain 
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generally three pendulous seeds. The embryo is surrounded 
by a small layer of endosperm, and there is a copious perisperm. 

Brasenia contains one species, B. ■purpurea, which is 
cosmopolitan outside Europe, and is represented by fossil 
species in the Tertiary strata of Europe. In habit it resembles 
Cabomba, but the stems bear only the peltate floating leaves. 
The trimerous calyx and corolla are followed by numerous 
stamens and six or more carpels. The young shoots are 
covered with a remarkably thick coating of mucilage which 
protects the stem and lower leaf-surface from contact with 
the water until the cuticle is developed. 

This subfamilv recalls the Ranunculaceae in its small 
flowers with free, hypogynous parts and in its fruit; and in 
the dimorphic leaves of Cabomba , the Batrachium section of 
Ranunculus. 

Subfamily 2. Nelumbonoideae. Contains the single genus 
Nelumbo (fig. 74 ) with two species— N. lutea, with yellow 
flowers in Atlantic North America and southwards to Columbia, 
and N. nucifera , with rose-coloured flowers, in the warmer 
parts of Asia and north-east Australia—the sacred lotus of 
the Hindu. The long-stalked concave peltate leaves and 
large showy flowers are carried high above the water. The 
numerous free perianth-leaves and stamens are arranged 
spirally beneath a large obconical receptacle, in the flat upper 
surface of which the numerous carpels are buried, each in a 
round pit. Each carpel contains a pendulous anatropous 
ovule on the side towards the axis, and ripens to an inde- 
hiscent nut with a very hard pericarp, completely filled by 
the embryo. The embryo (Lyon (2)) consists of two large 
white fleshy hemispherical cotyledons between which lies 
a well-developed green plumule enclosed by a thin membrane 
of endosperm. Opposite the plumule is the radicle which is 
functionless, its place being taken by adventitious roots 
developed on the plumule. The two cotyledons originate 
round the base of the plumule in the form of a ring which 
later becomes two-lobed. This mode of origin has given rise 
to the suggestion that Xelumbo has only one cotyledon. 

Subfamily 3. Nymphaeoideae. Contains five genera 

union of the carpels into a single many- 
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chambered ovary bearing above a flat radiating stigma; 
the flowers are hypogynous, perigynous or epigynous. A uphar 
has seven species in the north temperate zone; N. luteum is 
our Yellow Water-lily. The rootstock creeps in the mud and 
bears large thin crumpled submerged leaves, without stomata, 
and roundish floating leaves with a deeply two-lobed base, 
bearing stomata on the upper face. The yellow flowers arise 
in the axils of small bracts and are few in number compared 
with the leaves. The five large yellow sepals have a | arrange¬ 
ment, the small scale-like petals, which bear a nectary on 
the back, are numerous, arranged in a spiral, and pass 
into the numerous stamens, above which rises the large 
syncarpous pistil formed of numerous ( 10 - 16 ) carpels with 
as many chambers, and ray-like stigmas corresponding wit 1 
the middle line of each carpel. The numerous ovules cover the 
side-walls. In the ripe fruit the internal parenchymatous 
tissue contains intercellular spaces filled with air. The fruit 
ultimately bursts by the swelling of mucilage, the outer rind 
is pushed off and the parenchymatous tissue of each carpe 
protrudes and is set free; it floats in the water and is carried 
by currents. The small seeds contain a small embryo at one 
end embedded in a scanty endosperm below which is a copious 

perisperm. 

Nymphaea contains 32 species in warm and temperate 
climates; A. alba is our White Water-lily. A. Lotus, anothei 
white-flowered species, is the lotus-flower of ancient ^gypt- 
Other species have red or blue flowers. The short stout hori¬ 
zontal rhizome bears the large floating leaves and extra a xi ar\ 
flowers which take the place of a leaf in the spiral eve opmen 
at the growing-point. The first developed leaf in t e st t lIlr> 
is awl-shaped, succeeded by lanceolate to elliptica eave. , 
and later by the characteristic adult orbicular or ova orm. 
In some tropical species the lower end of the rhizome ecoim 
covered with cork and forms a resting tuber w uc i persis 
during periods of drought. The four sepals are to owe > 
numerous spirally arranged large spreading P e * a s 11C 
pass gradually into the numerous stamens, and, like t le. e, a 
perigynous, apparently springing from the sides of t- lej °™ry. 
The number of carpels is very variable (o to . ). 
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sunk in the receptacle with the upper half of the ventral 
suture, forming the roof of the ovary-cavity, exposed and 
bearing the stigmatic papillae, and the lower half fused with 
the central axis. The back of each carpel is more or less 
prolonged into a stylar process (fig. 75 , E). An indication 
of an apocarpous ancestry is found in the varying degree 
of lateral union of the carpels; in some species the walls 
between the cells of the ovary consist of distinct lamellae 
which easily separate but generally the tissue of the 



Fio. 7f>. .X>/mphaea amnzonum. A. Leaf, x J. B. Unopened flower, x C. Flower, 
x J. I). Stamens shewing variation in form from the innermost to the 
outermost, x §. E. Ovary shewing scars of petals and stamens and bearing 
the stylar processes, x F. Ovary cut across, x §. (After Conard.) (From 
Flor . Jam.) 

partition is continuous. The ovules are numerous, as in 
Nuphar. I he fruit, which forms a spongy berry,. ripens 
beneath the surface of the water, where it is drawn by the 
spiral twisting of the flower-stalk. It dehisces regularly by 
swelling of the mucilage which surrounds the numerous 
seeds; the seeds rise to the surface, rendered buoyant by air 
which is enclosed within a fleshy aril. The structure of the 
seed resembles that of Xupfiar. 
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Two genera, Euryale (one species in Eastern Asia) and 
Victoria (two species in the Amazon district), are distinguished 
by their completely epigynous flowers andthe copious develop¬ 
ment of prickles on the surface of the organs. The best known 
species, Victoria regia, has leaves six to seven feet in diameter 
and flowers to a foot or more across. It grows in the back¬ 
waters of the Amazon, often covering the surface for miles. 
The seeds are eaten and known as mais del aqua. The flowers 
are extra-axillary but enveloped when in bud by the strongly 
developed stipule of the adjacent leaf. 

Both self-pollination and cross-pollination are known to occur. 
In some cases, as in a small group of species of the genus Nymphaea 
inhabiting tropical America, the anthers burst and pollination 
takes place before the flowers open. The efficacy of self-pollination 
in these plants is evident from the fact that ten to thirty thousand 
or more perfect seeds are formed in a single fruit. The flowers open 
at night, and in one case, Nymphaea amazonum, remain open onl\ 
for 20 to 30 minutes. Nymphaea alba is also self-pollinated, the 
innermost stamens opening first, while the stigma is still in a 
receptive condition. Other species of the same genus, in which 
the outermost stamens are the first to dehisce, are adapted for 
insect-pollination, and the same applies to Nuphar and I icloria. 

Cook(3) has shewn that the development of the endosperm is 
peculiar. A transverse wall is formed between the two nuclei 
resulting from the first division of the endosperm-nucleus, dividing 
the embryo-sac into an upper and a lower portion. Endosperm 
is formed only in the upper portion, the lower portion forming a 
haustorium which penetrates the nucellus. In the development o 
the embryo the character of the suspensor varies widely in t e 
different genera and it is sometimes absent. 

The Cabomboideae, as already indicated, suggest a close 
affinity between this family and the Ranunculaceae. I he scatterei 
distribution of the conducting bundles recalls Podoj/hyllum am 
allied genera in the Berberidaceae, with which family also the 
frequent presence of an aril in the seed suggests an affinity. n 
the other hand, the presence of latex in the tissues, the superhcia 
placentation of the ovules and the large peltate-rayed stigmas 
may be compared with the Papavoraceae, a member of the nox 
order, Ithoeadales. 
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Family XII. C'ERATOPHYLLACEAE 

A small family containing one genus, Ceralophyllum , with 
three species of rootless submerged water-plants with whorls 
of simple much dissected leaves and unisexual flowers. The 
hypogynous perianth, numerous stamens spirallj' arranged on 
a convex receptacle, and solitary carpel indicate its affinity 
with the Ranales. It grows in stagnant water in all parts of 
the world. 



Fn . 7t>. ( i rntophi/lliiin tU mmiiiii. A. Portion of plant, x j. B. Male flower. 
( One stamen. I). Female flower cut lengthwise shewing tho ovule. E. Fruit. 
F. Fruit cut lengthwise; r, cotyledons; e. endosperm; p 9 plumule. B-F cn- 
laitred. (B-E after K. Schumann; F after Baillon.) (From Flor Jam.) 

1 he plants are slender fragile herbs, with the sessile ex- 
stipulate leaves dichotomously cut into narrow linear seg¬ 
ments which are shallowly serrate on the outer edge. A 
branch appears only in the axil of one leaf of a whorl. The 
flowers are solitary and axillary. The male consists of a 
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perianth of about 12 subulate lobes united at the base, and 
12-16 stamens with a very short filament, large extrorse 
anther-cells, and a fleshy connective produced above the 
anther-cells and bearing two or three sharp points. The 
roundish or elongated pollen-grains have only one coat. The 
similar perianth of the female flower persists round the 
medianly placed carpel which bears a long slender pointed 
style and contains a single ovule pendulous from the top 
of the cell. The fruit is a nut crowned by the persistent style 
and bearing a pair of spurs or other outgrowths at the base. 
The seed contains a large embryo, the two thick cotyledons 
surrounding a well-developed many-leaved plumule, around 
which is a scanty large-celled endosperm; the radicle is very 
short. The embryology resembles that of the Nymphaeaceae 
in the separation of the lower part of the embryo-sac as an 

haustorium. 

Order 2. RHOEADALES 

Allied to Ranales in the hypogynous flowers with free 
sepals, petals, and stamens, the last being also frequently 
indefinite. It differs in the general arrangement of parts in 
twos and fours and in the union of the two or more carpels 
into a one-chambered ovary with generally numerous ovules 
on parietal placentas; or the ovary becomes bilocular by 
development of a septum between the placentas; as this 
dividing wall is not produced by the ingrowth of the ventral 
edges of each carpel but is an additional structure arising 
late in the history of development of the ovary, it is known 
as a false septum. The stigmas sometimes occupy the normal 
position above the midrib of the carpel, but are more often 
commissural, that is, placed immediately above the placentas. 
Flowers cyclic, the members of successive whorls alternating 
regularly. Seeds generally small, often curved; embryo some- 
times small in a copious endosperm, more often large and filling 

the seed. 

Herbs with scattered entire or more or less divided leaves 
without stipules; occurring in temperate and cold regions. 

The arrangement of the parts of the flow'er in this order 
has provoked much discussion, and there is an extensive 
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literature on the subject. The most satisfactory view seems 
to be that adopted bv (’elakovsk^ of a gradual reduction, 
especially in the androecium; this is exemplified in Papavera- 
ceae and also in Capparidaceae; the subfamilies Hypecoideae 
and Fumarioideae of Papaveraceae and the family Cruciferae- 
represent extreme forms of reduction which have become 
constant in each group. Resedaceae stands somewhat apart 
from the other families. 

Family I. PAPAVERACEAE 

Flowers bisexual, regular or zygomorphic. Sepals two or 
sometimes three, imbricate, generally falling very soon. 
Petals four or sometimes six, rarely more, regularly alternating 
in two whorls, imbricate and often crumpled in bud, deciduous, 
usually brightly coloured (absent in Macleaya and Bocconia). 
Stamens generally indefinite in 2- or 3-merous regularly 
alternating whorls, more rarely 3- or 6-merous, or four 
(Hypecoum). or two and tripartite (Fumarioideae); anthers 
bilocular (but see Fumarioideae) dehiscing longitudinally. 
Carpels two to numerous, ovary generally unilocular with the 
same number of many-ovuled parietal placentas often more or 
less produced into the ovary-cavity, and rarely meeting in the 
centre forming a multilocular ovary, sometimes spuriously 
bilocular by a false septum joining the placentas; ovules 
anat ropous or campylotropous, ascending or horizontal, rarely 
few, solitary from the base of the cavity in Bocconia \ stigmas 
equal in number to the placentas, sometimes distinct and 
corresponding with the midrib of the carpel (alternating 
with the placentas), sometimes forming a radiating lobed 
structure on the top of the ovary or short style, the radii 
corresponding with the placentas (commissural). Fruit 
generally a capsule opening by pores or valves; rarely inde- 
hiscent. Seeds globose or ovoid, smooth or minutely warted 
or reticulate. Embryo small in an oily endosperm. 

Generally herbs sometimes becoming shrubby below, more 
rarely shrubs, very rarely a tree (Bocconia), with alternate, 
(mtire or more often lobed or cut leaves; latex-containing 
sacs or vessels often present. Flowers often showy, solitary 
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at the end of the main and lateral shoots, sometimes forming 


dichasia or unilateral cymes. 

Genera 28; species about 700; mostly northern extra- 
tropical. 

The genera fall into distinct subfamilies, Papaveroideae 
and Fumarioideae. The latter has been regarded as a 
distinct family, Fumariaceae, but the two groups have 




D E F 

77 a Flower of Papavtr Rhoea .* in vertical section, slightly reduced. 
IO. 77. A. rioter / , . ( . Yruit of Platvstemon cnliformcus , 

Baillon; G. H after Eichlcr.) 

mportant characters in common and are, moreover, con- 
lected by an intermediate genus, Hypecoum , which may be 

•eearded as representing a third subfamily. 

Subfamily I. Papaveroideae. Flowers regular, petals 

not spurred, rarely absent; stamens generally numerous, 
free; carpels two or many. Herbs, shrubs or rarely trees 
with a milky or hyaline juice, and entire or pinnately cut 
leaves. The androecium shews remarkable variation both in 
the number and the arrangement of the members in the 
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whorls, and much has been written on the subject of the floral 
formula and very diverse views have been maintained 1 . A 
study of the development shews that the staminal whorls 
contain two or a multiple of two members (or in the trimerous 
flowers three or a multiple), the numbers varying greatly in 
different genera or species. De Candolle regarded the flower 
as typically tetramerous, a view which involves the assumption 
of a reduction in the calyx and corolla. Celakovsky, on the 
other hand, insists on the typical dimery of the flower, 
recognising at the same time a frequent increase, often pro¬ 
gressive in the inner whorls, in the number of members in 
the whorls of the androecium. He regards the larger number 
of members as indicating an earlier condition and an affinity 
with the Ranales; genera with fewer stamens have been 
derived by reduction from the older forms, and an extreme 
stage of reduction is represented by Hypecoum and the 
Fumarioideae. A similar reduction has occurred in the 
Capparidaceae, the most reduced form of which, Cleome, 
closely resembles the form which has become constant in 
Cruciferae. 

The largest genus, Pa paver, contains about 100 species, 
chiefly from Central and Southern Europe and temperate 
Asia. Pa paver nudicaule (Iceland Poppy) grows in the Arctic 
regions of both hemispheres and also in the mountains of 
central Asia and Colorado. Two closely allied species charac¬ 
terised by a thick covering of thorns, the one in Australia 
the other at the Cape, are outlying representatives of this 
essentially northern genus. The poppies are annual or some¬ 
times perennial herbs, growing erect, with lobed or cut, 
generally long-stalked leaves and nodding flower-buds. They 
contain a milky juice (latex) which is found in a network of 
vessels running through the whole plant and often accom¬ 
panying the sieve-tubes of the vascular bundles. P. somni- 
fcrum is extensively cultivated in India and elsewhere for 
the preparation of opium, which is the dried latex of the 
unripe fruit. 

The long-stalked regular flowers are dimerous (sometimes 

1 For ft risurnt see Fcdde, Pftanzenrtich, iv, 104 (1909), in which a discussion 
of the subject with references to literature will l>e found. 
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trimerous), the two sepals are merely protective and fall 
before the flower opens, the bright-coloured crumpled petals 
occupy the next two whorls, and are followed by numerous 
whorls of stamens. The large central ovary is formed of 
4 to 16 carpels, and roofed by a flat or conical disc formed by 
the union of the radiating stigmas. Below each stigma the 
placentas, bearing numerous ovules, project into the ovary- 
cavity, almost meeting in the centre. The fruit is a capsule 
which opens by means of small valves beneath the persistent 
stigma-lobes. When the capsule is shaken with sufficient 
force the small seeds are jerked out through the pores. The 
flowers contain no nectar and arc visited for the sake of the 
pollen by bees and other insects, which find the broad central 
stigma a convenient resting-place. There is thus a good chance 
of pollen from another flower being deposited on the stigmas, 
but, as in many cases the lower parts of the stigmas get 
covered with the pollen from adjoining anthers, the chance 

of self-pollination is not excluded. 

Meamopsis has 41 species, mainly in south and east Central 

Asia and China, two occur in Pacific North America and one, 
M. cambrica, in Western Europe, which is found in the west of 
England, Yorkshire, Wales and Ireland. They are perennial 
herbs with a yellow juice, and yellow, blue or purple flowers, 
solitary or in cymes or racemes. A distinction from Papaver is 
the presence of a distinct style on which the capitate four- to 

six-rayed stigma is borne. The ovoid or elongated capsule opens 
by a corresponding number of valves below the persistent style. 

The closely allied genus Argemone (nine species, America) 
has sometimes trimerous flowers. The plants are herbs with 
prickly leaves and fruits, and white or yellow flowers. 
A. mexicana (Mexican Thistle) is widely naturalised in the 
Old World. The capsule opens by four to six valves at the 

apex (fig. 78). 

Glaucium Ivieum (Yellow Horned Poppy), found on our 
sandy sea-shores, is the British representative of a genus 
with about 21 species, occurring chiefly in the Mediterranean 
region, but having a single species in China. The generic 
name is derived from the greyish coating of wax which gives 
a glaucous appearance to the stem and leaves of our native 
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and some other species. The long curved pod is a distinctive 
feature; it is formed from two carpels, and becomes two- 
chambered by the formation of a septum uniting the two 
parietal placentas. It dehisces when ripe by the separation, 
from above downwards, of the walls of the carpels from 
the placentas, forming two long narrow valves. Chelidonium 
lias a single species, a native of the eastern northern hemi¬ 
sphere from Europe to Japan; in Britain it is a doubtful 
native. It is an erect branching perennial herb with much 
divided leaves and a yellow juice. The rather small yellow 
flowers are umbellate. The fruit as in Glaucium is the product 
of two carpels, and is a long narrow capsule, with no septum, 
splitting by two thin valves from below upwards. The seeds 
are my rmecochorous, having an appendage on the raphe, which 
functions as an elaiosome and is attractive to ants. 

Eschscholtzia , a genus of the Pacific states of North America, 
is characterised by its perigynous flower, sepals, petals and 
stamens being elevated on a cup-like projection of the floral 
axis, the bicarpellary ovary springing from the bottom of the 
cup. The two sepals are coherent and are pushed off in the 
form of a cap by the growth of the petals. 

Platystemon, a genus confined to Pacific North America, 
is of special interest as indicating a passage from the last 
order, Ranales. The floral axis is somewhat depressed and 
bears on its edge a trimerous calyx followed by a corolla of 
two alternating trimerous whorls. The numerous stamens are 


in several whorls and the pistil is formed of many carpels 
united laterally to form a multilocular ovary but free in the 
upper style-bearing portion; the style is a continuation of the 
middle line of the carpel and bears the stigma. In the ripe 
fruit the carpels become separated (fig. 77, C). The trimery 
ot the perianth, which occurs also in other genera of the 


subfamily, and especially the incomplete union of the carpels. 


suggest an affinity with the Ranales. 


% Hied genera, Macleaya (China and Japan) 
and Hocconia (fig. 75)) (Central and South America, and West 
Indies), the corolla is absent and the small flowers are arranged 
in many-flowered compound racemes. As in Chelidonium, the 
two valves of the fruit separate completely (fig. 79, E, F); 
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Te S Ri* «p™l« x S. F. seed cut lengthwise, >•; «, endepenn; 
e, cotyledonirr, radicle. (Alter A. Gray.) (Fmm Flor. J,un.) 
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. ■ , . A i w i B Portion of inflorescence, x ]. 

J. liocconva Jruteecen*. L? aI * *• . , sepal removed. x 

Flower-bud, x 2. D. Flower J^^Xu^^Tenvelopin/base of seed. x 
. Fruit with one valve gone; note obliqm anl P » hwi8C x 2 . (From 

. Fmit with botli valves gone, x 2. G. beea cu* ie»g 

'/or. Jam.) 
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the seed (solitary in Bocconia) has a basal arillary appendage. 
The five species of Bocconia include great diversity of habit; 
one is an annual herb, others are more or less shrubby, and 
B. arborea is a small tree. 

Subfamily II. Hypecoideae. The flower is dimerous and 
symmetrical (fig. 77, H) with four stamens, one opposite 
each petal; the outer petals are generally trilobed, the inner 
tripartite (except in Pteridophyllum). The bicarpellary ovary 
forms a long pod which generally becomes divided by late 
developing transverse septa into one-seeded joints which 
separate when ripe. Annual or perennial herbs with pinnately 
cut leaves. Latex-containing vessels are absent. The genus 
Hypecoum contains 15 species in the Mediterranean region, 
Central Asia and China. Pteridophyllum , with a single species 
in Japan, differs in having entire petals, the inner median 
pair slightly narrower than the outer. 

Subfamily III. Fumariofdeae. Distinguished from Papa- 
veroideae by the marked dissimilarity between the two whorls 
of petals, by the saccate or spur-like development at the base 
of one or occasionally both of the outer petals, and by the two 
tripartite stamens in the transverse plane (fig. 77, G). They 
also differ in the absence of latex, but have oil-containing sacs. 
The plants are herbs with scattered pinnately much divided 
leaves, by means of which they often climb. Fumaria capreo- 
lata and F. officinalis, for instance, climb by means of the 
petioles, while the British species of Corydalis ( C . claviculata) 
has branched tendrils terminating the leaf-stalks. 

The relatively small flowers are borne in racemes which are 
terminal on the stem and branches; sometimes through the 
stronger growth of the axillary shoot they appear to spring 
from opposite the leaves. The bracts are sometimes suppressed, 
an occurrence which becomes a constant character in the 
next family. 

%r 

The closed flowers are in striking contrast with the open ones 
of Papaveroidcae and are associated with a difference in the 
method of pollination, which is here effected bv nectar-seeking 
insects, while the much smaller amount of pollen is placed in a 
suitable position. The two sepals are reduced to small scales and 
very soon fall (fig. 77, D, s). The outer pair of petals are large and 
moro or less completely enclose the rest of the flower; in Fumaria 
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they form a tube, and one of them is developed at the base into 
a sac-like spur (fig. 77. D, E). In Dicenlra they are m the form of 
a lyre, and, both having a broad saccate base, the flower is sjinmetii- 
cal. The inner pair of petals are smaller; they closely envclop u 
stamens and with their adhering hood-like upper portions form 
a cap over the anthers and the centra stigma The middle 
division of each stamen bears a perfect anther with two chamber, 
the two lateral divisions each a half-anther with one chamber At 
the base of the common filament is a nectary, on each side of the 
flower in Dicenlra. on that side only which bears he s,» . m 
Futmria (fig. 77, E, »). The nectar-seeking bee. m thrusting; its 
proboscis down into the nectar-containing sac or *1 '<r d,s^ 
the hood-like apex of the inner petals and exposes the pollen 

covered anthers It thus gets dusted with pollenj' 1 * 1 
in a subsequent visit to another older flower will be transient 

10 In*Cory<Mi* cam , cross-pollination is essential, since, as IK ( ilde- 
brand has shewn by experiment, the flowers are s»ter 
own pollen, and but very slightly fertile to poHen froni another 
flower of the same plant, and only thorough > e . , 

pregnated with pollen from a different plant. In con " 

these facts it is of interest to note that the bees habitually go frmn 
below upwards on each plant, and thus ten. to bring o | to 1 
lower and older flowers of one plant from the uppe 
of another. The small flowers of Fumana, on the contri r> a.e 
fertile with their own pollen, and the niconsp cu°^is-fi«mere 
species, at any rate, are very sparingly visited by insects 

fe Tr‘r P t?a"ve ^ o^d of ^ 

of the androocium. Do Candolle suggested that the , t»t 
half-anthers belonged to a pair of n.ed.an stamens such s an 
present in Hypecoum, each of which had become split, the ah - 
being displaced right and left to become attached to “e ater 
stamens. The theory suggested by Asa Gray .8, however, more prob 
able, as it is borne out by the history of development ofIt he a, droe 
cium. He regarded each lateral group as a smglc c ‘ "’ h '“ 
has become tripartite, and this view is supported by the fact 

that the whole structure proceeds from a singk pro 

the floral axis; an analogy is afforded by the tnpart.te petals 

Hypecoum. 

The flowers of Corydalis and Fumana. with their lateral 
spur, are of interest as an example of that rare form of /\g«»- 
morphy in which the plane of symmetry passes t iroug 1 
transverse and not, as usual, through the median plane. 
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The ovary is one-celled with parietal placentas and develops 
into a two-valved many-seeded capsule; in Fumaria, however, 
there are only two ovules, and the fruit is an indehiscent one- 
seeded nut (fig. 77, F). Many species of Corydalis are myrmeco- 
chorous, the seeds bearing an appendage of the raphe which 
functions as an elaiosome and is attractive to ants. 

Several species of Corydalis and Dicentra have only one 
cotyledon, and associated with this is the formation of a 
subterranean tuber or a rhizome bearing fleshy scales. In 
Corydalis cava the tuber originates from the swollen hypocotyl. 
in C. solida it is the thickened root. 

The five genera contain about 200 species spread over the 
north temperate zone; a large number occur in the Mediter¬ 
ranean region. 

Family II. CAPPARIDACEAE 

There are about 450 species in 40 genera distributed 
through the warmer parts of the world and including herbs 
and shrubs without latex, with alternate simple or palmately 
compound leaves with or without stipules, and solitary or 
racemose flowers subtended by a bract but without bracteoles. 

As the structure of the flower indicates, the family occupies 
an intermediate position between Papaveraceae and Cruciferae. 
The most reduced type of flower is illustrated by Cleome 
telrandra (fig. 80, A): there are two outer median and two 
inner transverse sepals, four petals arranged diagonally and 
four stamens alternating with them; the ovary is bicarpellary. 
This may be compared with the plan of flower typical for 
Cruciferae. Numerous variations from this plan arise by 
multiplication of the median stamens only or of both median 
and lateral, and by conversion of one or more stamens into 
petaloid staminodes; or suppression may occur. Thus in 
('leome spinosa (fig. 80, B) the horizontal plan of flower 
resembles that of Cruciferae, but the stamens are never tetra- 
% in Capparidaceae. The numerous stamens of 

Capparis arise by serial as well as lateral splitting of the four 
rudiments. This type of flower is regarded by Celakovsk^ as 
the more primitive, a similar reduction having taken place 
in this family to what has occurred in Papaveraceae. 
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Another characteristic feature is the development of an 
internode between petals and stamens (androgynophore) 
or especially between stamens and pistil (gynophore) 
(fig. 81, B). the pistil often projecting considerably beyond 



Fig. 80. 


A B C 

Floral diagram* of A. CUomsht «,,,<! ra; B. C C * 

urareolw. d- disc. (After bidder and I ax.) 



Flo. 81. Gyiuindropsu * A^Portmn of cut 

Lg K thS, X x 7: .“3- JLu. (Alter A. cy.) (From Flo, Ja „,, 

the flower. Lateral outgrowths of the axis are also > frequent 
in the form of swellings, discs or tubular « ™ctures 
generally in a median position, either ms.de or outside the 
corolla (fig. 80, B, C); these disc-formations suggest affm. y 
with the Resedaceae. The various deviations from the 
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tetramerous ground plan result generally in the formation of a 
medianly zygomorphic flower; the zygomorphy is sometimes 
emphasised by unequal development of members as in Ptero- 
peialum, where the posterior petals are much larger than the 
anterior, or in many species of Capparis where the hinder 
sepal forms a hood-like structure; in Emblingia (West 
Australia) the sepals are united below forming a four-lobed 
calyx, while the two posterior petals form a large hood 
protecting the stamens and pistil. The sepals are generally 
free but sometimes more or less united below; in a few small 
genera the sepals do not separate when the flower opens but 
the “capsular” calyx splits lengthwise along one or both 
sides or transversely like a pyxidium 1 . Except in the ano¬ 
malous genus Emblingia the petals are free. In several small 
genera the petals are wanting. 

The pistil is generally carried up on the long gynophore, 
and consists of two, sometimes several, carpels forming a 
one-chambered ovary which may become incompletely multi- 
locular by the ingrowth of the parietal placentas. The ovules 
are numerous and campylotropous. The fruit in Cleome, 
Polanisia (fig. 82) and allied genera is siliquose, dehiscing as 
in Cruciferae by two valves, the seeds remaining attached to 
a replum. In Capparis and allies it is a berry (fig. 83) either 
more or less spherical or elongated. Nut-like and drupaceous 
fruits also occur. The kidney-shaped seeds are exalbuminous 
and contain a large variously folded embryo. 

Pollination is effected by insect-aid; secretion of nectar 
has been observed on the disc-formations, and dichogamy 
has been noted in many cases, the anthers dehiscing before 
the stigmas are receptive. 

The plants occur mostly in dry districts; associated with 
this habit is the frequent hairy or scaly covering of the leaves. 
Several shrubby species of Capparis occur in the Mediter¬ 
ranean region; in C. spinosa the stipules are represented by 
spines; the flower-buds of this species are the “capers” of 
economic use. 

1 Briquet, J. La dehiscence des calices capsulaires chez lcs Capparidaeees." 
.tr,7<. <1. Sciences phys . ct natureUc Geneve, si r. 4, xxxvi, 534 (1913). 
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Fio. 83. Crataeva Tania. A. Port^ on of je^thw^x «£*«! ondrogynophore 
B. Flower, x 5. C. HecepUclc c^t K^ E ovary cut across, x b 

ft Syftlon.- „ radicle. (From Flor. Jam., 
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Family III. CRUCIFERAE 

Flowers bisexual, regular. Sepals in two alternating 
dimerous whorls; petals four, diagonally placed. Stamens, 
tetradynamous—an outer pair in the transverse plane 
alternating with two longer pairs in the median plane pro¬ 
duced by branching from a single origin. Carpels two, 
transverse. Ovary bilocular by development of a septum 
uniting the two parietal placentas; ovules generally numerous, 
anatropous or campylotropous. Stigmas generally com¬ 
missural. Fruit usually a siliqua. Embryo filling the seed. 

Generally annual or perennial herbs, rarely woody, with 
alternate leaves, and usually one-celled, simple or branched 
hairs. Flowers in racemes, generally without bracts or 
bracteoles. 

Genera about 200; species about 2000. Mainly in the 
temperate and frigid zones of the northern hemisphere. 

Though a world-wide family, Cruciferae resemble Papaver- 
aceae in having their chief development in the northern 
hemisphere and especially in the Mediterranean region; also 
in being generally herbaceous plants, with scattered ex- 
stipulate leaves. Many are annuals; such for instance are 
some of the commonest weeds of cultivation, Charlock 
(Brassica Sinapis), Black Mustard (B. nigra) and Shepherd’s 
Purse ( Capsella Bursa-pastor is). Others are biennials, pro¬ 
ducing a rosette of radical-leaves in the first year, and in the 
second sending up a flowering shoot at the expense of the 
nourishment stored in the tap-root. Under cultivation this 
root may be induced to swell, as in the Turnip, Rape, Swede 
and others. Wallflower ( Cheiranthus Cheiri) and Scurvy-grass 
{Cochlearin) are examples of perennials. 

Special means of vegetative propagation occur by bulbils 
formed in the axils of the upper leaves in Dentaria bulbifera. 
Coral-root, so called from the form of the creeping scale¬ 
bearing root-stock, and on the leaves of Cardamine pratensis. 

The inflorescence is a raceme which is indefinite (that is, 
does not bear a terminal flower), and on which both bracts 
and bracteoles are almost invariably suppressed. Bracts are 
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occasionally present and the presence of bracteoles mat 
sometimes be traced in young flowers, but evidence for the 
existence of the latter at some time in the history of the 
family is found in the position of the outer whorl of sepals 
which are median and not lateral as we should expect them 



evidence for the view that it is only the free exserted part 

of the bract which has been suppressed, the basal extension 

being still formed and clothing the axis with 

a “leaf-skin” in the same manner as if the 

region above the exsertion level had attained 

full development. Another characteristic of 

the Crucifer raceme is its corymbose form in 

the flowering stage. , 

The flower bears a close relation to that ^ ^ pio|nl aia 

of the preceding family, as a comparison pram of a ( nu ifor. 

of the floral diagrams indicates. ( 



i Sew Phylologisl, xxn, 150 (1023). 
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The regular flowers are bisexual and hypogynous, with 
four free sepals in two whorls, median and transverse, and 
four free diagonally placed petals. Whereas in Capparidaceae 
the stamens shewed great variety in number and arrange¬ 
ment, in Cruciferae one phase has become remarkably con¬ 
stant, namely a pair of lateral stamens with shorter filaments 
and four median stamens with longer filaments, which, 
though generally distinct, may occasionally be seen to arise 
from a single protuberance and may even remain more or 
less united in the adult flower. This tetradynamous character 
of the androecium was selected by Linnaeus (it had been 
previously noted by John Ray 1 ) as the diagnostic feature of 
one of his 24 classes corresponding with our family Cruciferae. 
The pistil consists of two transversely placed carpels, bearing 
a double row of pendulous campylotropous ovules on the 
parietal placenta formed at the two sutures; the ovary 
becomes bilocular by the subsequent production of a septum 
between the two sutures. The stigma is knob-like or two- 
lobed, the lobes generally standing in the median plane, that 
is, over the line of union of the carpels, but in Matthiola 
(Stock) and Moricandia situated above the midrib. The 
sepals are sometimes saccate at the base, especially the two 
inner; the sacs correspond with the nectaries developed on 
the floral axis and serve as nectar-containing pouches. The 
sepals in the mature flower are relatively short and spreading, 
or relatively long and narrow, overlapping at the edges and 
forming a tube in which the slender claws of the petals are 
supported; the petals have a longer or shorter stalk or claw 
according as the sepals are closed or open. At the base of 
the stamens are nectar-secreting outgrowths of the floral axis 
which vary in form and number in different genera. Ihey 
occur constantly on each side of the lateral stamens either 
as distinct outgrowths or joining and more or less completely 
enveloping the base of the filament. In addition smaller 
glands may occur between the median stamens and these 
may extend and unite with the glands surrounding the 
lateral stamens. 

Departures from the normal type of flower occur. In 

1 Hi Gloria Phintarum , 168(>-1704. 
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lberis (Candytuft) and Teesdcdia the flower becomes zygo- 
morphic by the enlargement of the two outer petals; not 
infrequently the petals are very small or may be altogether 
absent, as in species of Lepidium , Coronopus (fig. 87, B), 
Nasturtium and others; in Capsella Bursa-pastor is the petals 
are sometimes replaced by four stamens. Reduction in the 
number of stamens occurs; thus in Cardamine hirsida 
(fig. 86) the lateral stamens are generally absent, in species 
of Lepidium and Coronopus (fig. 87) doubling of the median 
stamens may also fail to take place, and the flower becomes 



Fio. 86. Cardamine hinula. A. Plant, x jBHowrx. C. Pot rf, .< 0. 
D. Pistil and stamens, x 5. E. Siliqua slight y cn£^ F. S~d.*W. 
G. Seed cut across, x 10; c, cotyledons; r, radicle. (From Flor. Jam.) 


diandrous. On the other hand, in Megacarpaea (fig. 90, F) 
the stamens are numerous—up to 10. Three or our e i e 
carpels occur abnormally in a considerable number o genera. 
The genera Telrapoma and Holargidium, characterised by a 
four- (or more-) carpelled ovary, have since been recognise 
as abnormal forms of Nasturtium and Draba respective } ■ 
A tricarpellary form of Lepidium sativum (Cress) was found 
to transmit the abnormality by seed. Multicarpellary pistils 
have also been recorded in abnormal flowers in a considera c 


number of genera. 
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Several points call for comment in the flower of Cruciferae as 
described above, and there is an extensive literatureon the subject. 
The flower is remarkably uniform, although, as pointed out, certain 
deviations occur, some of which are constant while others occur 
in abnormal flowers. The most obvious feature in the flower as 
described above is the corolla with its four diagonally placed 
petals which disturb the apparent dimerous character (S 2 + 2, 
C x 4, A 2 + 2, G (2)). The simplest explanation would be to regard 
the four petals as derived by splitting from two median members, 
in the same way as the two pairs of longer stamens are regarded 
as representing the division of two simple primordia. But there 
is no evidence for this in the floral development, and if this view 
be accepted we must regard it as a change in the arrangement of 
the parts of the flower all trace of which has been lost in the 
development of the flower at the present day. The arrangement 
in various abnormal flowers has been adduced in support of this 
view. Thus Velenovsky has described a flower of Arabis alpina 
with a dimerous corolla of two median petals, and Benecke an 
abnormal flower of Eschscholtzia (in Papaveraceae) in which the 
pair of median petals have become divided and transferred to the 
diagonal position, resembling precisely the normal corolla of 
Cruciferae. On the other hand, it has been maintained, especially 
by Wretschko, that the inner whorl of stamens represents four 
distinct diagonally placed members, thus corresponding in position 
with the four petals. Kunth, who accepted Lindley’s interpreta¬ 
tion of the ovary, regarded the flower as tetramerous throughout; 
tlie median members of the outer whorl of stamens having been 
suppressed. 

The pistil also presents difficulties in the almost universal 
position of the stigmas above the commissure, or the vertical 
line of tissue at the juncture of the two carpels, and in the presence 
of the false septum. In Matthiola (Stock) and Moricandia the 
stigmas occupy the usual position above the midrib of the carpel. 
Commissural stigmas are common in Papaveraceae and occur also 
in Kricales and elsewhere. Lindley regarded the commissure as 
representing a true carpel on which the ovule-bearing placentas 
and stigmas were borne; the pistil on this view consists of two 
pairs of carpels, a transverse barren pair which ultimately separate 
as the pair of valves in the fruit, and a median pair forming 
the replum and false septum and bearing the seeds. As has been 
pointed out, four carpellary pistils are sometimes produced in 
abnormal flowers. Recently this view has been revived by 
K. R. Saunders in explanation of a series of abnormal developments 
of the pistil of the Stock (Matthiola incana). This author regards 
the commissures as representing consolidated carpels, and main- 
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Fio. 87. Coronopu* didymus. A * D. SiUcula cut 

four small petals and two stamens), * 10. U 6^. ^ p Seed cu t 

iSSi^the &7b3&» in E. V 30. (From Flor. •/-> 

coloured, do not attract a . gr ® a * “^w tlxTso & th a t nectar-seeking 
or some of the anthers bee . ' their head and the stigma 

insects will touch them with one sule of them head a. 8^ 

with the other. The cap.tate stigma^ h «wover ^ ^ move . 

proximity to the anthers that \^jf.^olUnation, and this may also 

ments of the visitor will cau V ' f rom the anthers of 

often occur by the actual ‘ roppi i g ^leistogamic flowers occur 

the larger stamens on to th 8 S ubularia aquatica when the 

in Cardamine ^ rcmai ning submerged and 

water is unusually high. Cabbage) has become anemo- 

closed. Prinqlea . (Kerguelen Is and Cabto«e) ^ 

philous in the absence of insects suit a 1 
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Hermann Muller, in reviewing the pollination-methods of 
the family, says: 

“ On the whole, Crucifers are far behind Umbellifers in the number 
and variety of their insect-visitors, both on account of their less 
conspicuous flowers and their less accessible nectar; and not rarely 
plants remain altogether unvisited. The possibility of self-fertilisa¬ 
tion is useful if not necessary for the preservation of all the Cruci¬ 
fers that we have considered; in many we find that self-fertilisation 
takes place to a very considerable extent; and in several we have 
experimental evidence that it is productive of seed. Under these 
circumstances it would be better for the plant to forego attaining 
in its anthers the most favourable position possible for dusting 
nectar-seeking insects with pollen, if by doing so, while retaining 
the chance of cross-fertilisation if insects did come, it could fully 
insure self-fertilisation if they did not.” 

“The way in which conspicuousness is attained throughout the 
Umbelliferae by association of many flowers in one surface, and 
by asymmetrical development of florets for the common good, is 
exemplified only in isolated genera of Cruciferae ( Teesdalia, 
Iberis)’, and, in Teesdalia at least, it does not so far insure cross- 
fortilisation that self-fertilisation may be dispensed with.” 

The fruit is a pod dehiscing in the great majority of cases 
by two valves separating from below upwards and leaving 
the placentas with the seeds attached to the replum, or 
framework of the septum. The pod is termed a siliqua, or 
when scarcely longer than broad, as in Shepherd’s Purse, a 
silicula. There is some variation in the form of the pod and 
the arrangement of the seeds. In the silicula the seeds are 
generally in two rows in each chamber, and this holds also 
in many siliquas, as of Diplotaxis\ but generally the seeds of 
the opposite placentas alternate, forming a single row in each 
chamber, and alternation may also occur between the seeds 
in each chamber so that the whole pod contains only one 
row. as in Raphanus (Radish). In the last case constrictions 
may be formed between the seeds, or transverse walls 
forming one-seeded segments, and the fruit may separate 
when ripe into one-seeded joints as in Wild Radish ( R. Raph- 
anistrum) (fig. 90, D). In Cakile the siliqua separates when 
ripe into two one-seeded indehiscent joints (fig. 89, D). In 
Crambe the pod has only two joints, the lower of which is 
barren, forming a short thick stalk, while the upper is inde- 
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, ■ A l»Iant x k B. Bud, x 6 . C. Flower, x C. 
Fig. 88 . Capsdla Burm-paslor". A. * 2 p SUiculli with one valve 

i cut«ro». X c. cotyledon; r. -dtcte. 

(After Sturm.) (From Flor. Jam.) 


\u 


/v 






Fig 


. 81). CakiU lanceolate. A. PorUon “Jporated, slightly 

ES? SV/heVr )0.n‘» r - ‘T “silS^ 

nSSn.®;. «*- F, °" J ° m) 




184 


FLOWERING PLANTS 


hiscent, globose, and contains a single seed (fig. 90, C); 
C. maritima (Sea-kale) is a rare plant in Britain on sandy 
and shingly sea-coasts. Isatis has also indehiscent one-seeded 
pods; I. tinctoria (Woad) grows wild on cliffs by the Severn. 
Another variation in the structure of the pod is governed by 
the amount or direction of compression. It may for instance be 
flattened laterally, in which case the septum is very broad, as 
in Lunaria (Honesty) (fig. 90, E), or from front to back when 



Fio. 90. Crnrnbe maritima. A. Flower in vertical section, x 2. B. Young fruit. 
C. Kipc fruit, the upper joint cut open, exposing tho seed. D. Fruit of 
Raphanus Haphanistrum. E. Fruit of Lunaria , the valve removed, showing 
the seeds attached to the replum. F. Flower of Megacarpaea , after removal 
of sepals and petals, enlarged. (*. Cochlcaria , opening silicule, enlarged. 
H. Seed of same cut across, much enlarged. (A, F, G, H after Le Maout and 
Docaisne; I), K after Baillon.) 

the septum becomes very narrow, as in Shepherd’s Purse 
(lig. 88, K). On dehiscence of the fruit the seeds remain 
lightly attached to the replum and he exposed on the thinly 
membranous septum; they are readily detached when the 
long dry stalk of the inflorescence is shaken by the wind. The 
seeds themselves are sometimes flat or even winged. 
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In Morisia, a small acaulescent herb, native of Sardmia 
and Corsica, the peduncle bends down after flowery 
buries the closed pod in the ground. In AnwstaHca (Rose 
Jericho), a native of the eastern Mediterranean region the 
small plant, which is an annual, dries up at the en £ 
season and becomes detached from the so.1; the branches 
bend together, protecting the numerous small fruits, 
whole plant is rolled along the ground by the wmd. 

The embryo is large, completely filling the smb The 
relative position of radicle and cotyledons a "* * h e absen 
or degree of folding of the latter in the seed supply character 

which have been used for distinguishing genera > 

genera The radicle with the hypocotyl may be bent upwards 

tnd he along the edge of the cotyledons || 

embryo pleurorhizal) as in Chenanthus Nasturt.um M 

thiola, or parallel to the face of the cotyledons =(md«fie m 

the cases above mentioned the cotyledons are flat but they m y 

be folded along the midrib as in Brasstca, ' ^ 

o» (embrvo orthoplocal), or rolled so that a transverse 

section of the seed cuts them twice o||||, 48 ‘^T^ral 
Bunias (embryo spirolobal), or so foldedL as 
times as in Subularia, o|| || II (diplocolobal). 

In germination the cotyledons are epigeal, appjnng^bove 

ground as the first green leaves of the plant, th y 

notched at the apex as in Mustard. 

Cruciferae contains more than 200 genera and 2000 or m ^ 

species. Its distribution is world-^de but ^ ^ 
number are confined to the north en JP®J. ' ’ n re gion. 
family is specially developed in the Medi a 

Though remarkably distinct and rea ly c difficult, 

family, the subdivision into smaller groups ^ 

and very various arrangements have bee • gg 

Linnaeus seized on the marked two Orders, 

different genera to divide his J e (fruit a siliqua). This 

Siliculo8(ie (fruit a silicula), ami * / • • f the family 

wan extended by Do Candolle, and the ° » n 

adopted in Hooker'* Student: Flora .a bai odupon «m 
The proportions and mode of dehiscence of the pou 
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characters for five large groups, and the relative positions of the 

radicle and cotyledons characters for further subdivision. The 

British genera are arranged as follows: 

Group I. Siliqgosae. Has a siliqua and includes three tribes: 

Tribe I. Arabideae. Includes Cheiranthus (C. Cheiri, Wall¬ 
flower), Nasturtium ( N . officinale. Water-cress), Barbarea 
(Winter-cress), Arabis (Rock-cress), Cardamine (Bitter-cress) 
and Malthiola (Stock). In these the radicle is accumbent. 

Tribe II. Sisymbrieae. Includes Sisymbrium (Hedge-mustard) 
and Erysimum ; the radicle is incumbent. 

Tribe III. Brassiceae. Includes Brassica (Cabbage, Mustard) 
and Diplotaxis. The arrangement of the embryo differs from 
that in Tribe II in having the cotyledons not flat, but folded 
along the midrib. 

Group II. Siliculosae latiseptae. Has a silicula with a broad 
septum. 

Tribe IV. Alyssineae. Includes Draba, Erophila, Alyssum and 
Cochlearia (Scurvy-grass); also Lunaria (Honesty) with a 
very broad flat pod. The radicle is accumbent, and the 
cotyledons are flat 

Tribe V. Camelineae. Radicle incumbent. Includes Subularia 
aquatica (Awl-wort), a submerged water-plant which is 
exceptional in the family in having, like Eschschollzia 
in Papaveraceao, a perigynous flower; and Camelina (Gold- 
of-Pleasure). 

Group III. Siliculosae angustiseptae. Has the silicula flat¬ 
tened at right angles to the plane of the septum, so that 
the latter becomes very narrow. 

Tribe VI. Lepidieae. Includes Capsella , Coronopus and Lepi- 
(lium (Cress). Radicle generally incumbent. 

Tribe VII. Thlaspideae. Includes Thlaspi (Penny-cress), Iberis 
(Candytuft) and Teesdalia. Radicle accumbent. 

Group IV. Nucumentaceae. Is characterised by the reduction 
of the pod to a short, one-celled, one-seeded indehiscent 
fruit or nut. 

Tribe VIII. Isatideae. Includes I satis (Woad) and Bunias. 

Group V. Lomentaceae. Has the pod constricted between the 
seeds or divided by transverse walls into one-seeded 
segments. 

Tribe IX. Cafcileae. Pod indehiscent, two-jointed. Cakile (Sea 
Rocket) (fig. 89), and Crambe (Sea-kale) (fig. 90, A-C). 

Tribe X. Raphaneac. Raphanus. Pod constricted into one- 
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seeded joints (fig. 90, D), sometimes few or, as in R. sat.vus. only 

one, which is very large. . 

The arrangement suggested by Pomel includes hree main groups^ 

A. PljAT ylobeae. Cotyledons flat; rad.cle accumbent 

"rthopeoceae. Cotyledons longitudinally folded; radicle 

in the channel formod by the cotjdedom , foldod. 

C. Plecroploceae. Cotyledons rolled or „„ the 

A subdivision of these mam groups mto tribes is oas 

^T^e‘arrangement‘adopted by IWl in 

5? t great groups: 

is equally developed all round or j‘ of the style are 

:rrs % ° f ' its sci>u,,u arc 

taken into account. i a ; ( i on the form and 

In other arrangements special str«s l d Hayek , or, as by 

SEES? £ the £11 of niyrosin-colls in the tissues. 

The following are some of t^Jofimportant works in which the flora, 

structure of the family is discusse . ( Eschscholtzia rah- 

Lindley, J. Botanical Register, xiv, under Plate 

fomica) (1828). uv„r.hthildunK der Cruciferen.'’ 

Kunth, CIS ■; Usher d“ Bluthcn <»^ J , h Berto> f 83 2. 33 (1834). 

Physikal. Abhandl. d. K. A • Fumariaceen und Cruciferen. 

Eichlek A W. “Ueber den Bliitenbau der Fumanacce 

Flora, 497 (1865); and BluJendiagranwie. , < c u . Rhoeadi- 

Benecke. F. • ZurKen.itmse de. D^rum n^der PapH 

^ m*tho.,iquc aes Cruci,fires. 

K. Bohm. Gesell. Wissensch. no. .i ( 8- >■ 2?4 (ly0 5). 

Schweidler, J. H. Bericht. Deutsc . o . . au f phylogenotischer 

Hayek, A. von. “Entwurf cine. 

Grundlage.” Botan. Cenlralbl. Beihcjt. xxv 

Saunders, E. R. Annals of Botany, xxxvui. 4ol (192d). 
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Family IV. RESEDACEAE 

A small family containing only 6 genera with about 70 
species, of which between 50 and 60 belong to Reseda. The 
Mediterranean region is the great centre from which the 
family spreads eastwards through Persia to India, and south¬ 
wards to the mountains of Abyssinia and Somaliland, re¬ 
appearing at the Cape where it is represented by four endemic 
species of one genus, Oligomeris, a fifth species of which has 
a widely extended range from the Canary Islands through 
Northern Africa to Northern India and occurs also in Cali¬ 
fornia and New Mexico. A few species of Reseda range 
northwards, and the limit in this direction is reached in our 
two native species, R. Luteola and R. lutea, in Central Russia, 
North Germany and Scotland. Resedaceae are mostly herbs 
with alternate leaves provided with small glandular stipules. 
Their habit varies greatly according to the habitat. In the 
dry, hot districts of the Mediterranean region the leaves are 
small and caducous; in a damper climate they are large and 
well developed. The inflorescence is a raceme or spike, often, 
as in Cruciferae, ebracteate. The flowers are irregular, being 
zygomorphic in the median plane owing to a development of 
the axis, comparable to the gynophore of Capparidaceae, 
between the corolla and stamens, which becomes very pro¬ 
nounced on the posterior side of the flower, forming a charac¬ 
teristic disc. Associated with this, the posterior petals are 
larger and of a more complicated structure, while the stamens, 
which arc inserted on the disc, become crowded towards the 
front, the few posterior ones being often shorter. Pentamery 
occurs only exceptionally, the number of sepals and petals 
generally varying between four and eight, and the stamens 
from .'1 to 40. There are two to six carpels, rarely free, generally 
united into a lobed one-chambered ovary which does not 
become closed in at the top. The numerous ovules, which 
an; more or less bent, are borne on two to six parietal placentas. 
The fruit is a capsule open at the top. and contains numerous 
small kidney-shaped seeds which are completely filled by the 
curved embryo, fn Ochradenus the flowers are sometimes 
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unisexual by abortion of stamens or pistil, and are apetalous; 
the fruit is also closed and berry-like; it contains a few species 
in the dry country of north-eastern Africa and Western Asia. 

The cultivated Mignonette (Reseda cxlorata) will 1 ‘ 1 ^ r j ^ tlie 
functions played by the different parts in the 

Nftrtar is secreted bv the smooth under surface of the large 
posterior development of the disc, which from 
and conspicuous position serves as a guic 



*0.9' A. ®df.o° W B, C. 

S.SSSAKl! D after Schmdcin.) 

large expanded claws of the upper an ^ wh°Uo P thei? 

surround and protect the nectar-socre 1 g t u e ’ 8 trong scent 
white fimbriated laminae, the red an e . .. ^ nt down- 

aerve to attract visitor*. The stamens ‘‘™ t or '« 1 o na u 1 ' y the 
wards towards the front of the flower, . Th p^td projects 
nectar-secreting disc as the anthem T c V P o\s ter- 

considerably from the middle of the flower roa dilv covered 
minate in papillose stigmas. The latter become readil> 
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with pollen by nectar-seeking insects which find the ovary a 
convenient resting-place. If insect-visits fail, self-pollination 
occurs, as the stigmas lie directly below the dehiscing anthers. 
Muller, who describes the process, states that plants which were 
kept protected from insects yielded capsules filled with good seed. 

The family is most nearly related to the Capparidaceae, 
as seen by the parietal placentation, and the development of 
a gynophore and an excentric disc leading to median zygo- 
morphy of the flower ; the dry-country habit is also character¬ 
istic of both families. The marked tetramery of Cappari¬ 
daceae is, however, absent in Resedaceae. 

Order 3. SARRACENIALES 

Flowers bisexual (unisexual in Nepenthes), regular, hypo- 
gvnous; perianth generally distinguished into calyx and 
corolla. Pistil of three to five syncarpous carpels with parietal 
or axile placentas and indefinite ovules. Seeds small, endo- 
spermic. An order of damp-loving herbaceous plants with 
generally alternate entire leaves which are more or less 
modified for the capture of insects. 

Familv I. SARRACENLACEAE 

A family of marsh-loving perennial herbs with pitcher-like 
leaves including three genera only, Sarracenia with seven species 
in Atlantic North America. Darlingtonia, a monotypic genus from 
California, and Helinmphora, with four species in British Guiana 
and Venezuela. 

The loaves are radical and a central scape bears a single terminal 
flower or a few in a loose raceme. Tho flowers are large, spiro- 
eyelic, bisexual and regular, and shew considerable variation in 
the number of parts. A frequent arrangement is a calyx of five 
sepals followed by a corolla of five regularly alternating petals; 
the stamens are numerous and placed below tho three- to five- 
celled ovary, which contains a large number of anatropous ovules 
borne on large axile placentas. A distinguishing feature of the 
genera is tho great development of the style which in Sarracenia is 
dilated above into a large umbrella-like structure spread over tho 
stamens and bearing the small stigmas below tho apex of each of 
the five lobes. The fruit is a capsule splitting along the dorsal 
sutures into as many valves as there are carpels. Tho numerous 
seeds are small, containing a copious fleshy endosperm and a small 
embryo near the hilum. The membranous seed-coat generally 
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sr kbks; sagg 

ofleupper part of the pitcher 

rlrtah^nl of insects which 



Fio. 9*. S «— 

removed and tho left-hand on »®e remova l c f the sepals and petal*, 

reduced. C. Flower cut E. Seed in vertical section, x 4; 

nat. size; «, stigma. D. Moral “ « c E after Wunschmann.) 

embr y° : *’ w ‘ ng - (A 't it which ultimately become drowned 
have fallen into the pitcher » cont ains a proteolytic enzyme 

tsrrpsstsS" — 5 - “ 

absorbed by glands on the pitcher-wal . 

REFERENCE 

M.cxanar.K, J-M. "Sarracenia^.” Da, Pflan-enr.UH { mS). 
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Family II. NEPENTHACEAE 

Contains one genus only, Nepenthes (Piteher-plant), with about 
60 species mostly inhabiting the islands of eastern tropical Asia, 
with its greatest development in Borneo, but extending west to 



Fiu. 93. A. Xeptnt/uis gracilis, reduced. B. Male Hower. C. Female flower. 
1). Fruit. K. Seed of A\ pht/llamphora. F. Diagram of mole flower, G. Dia¬ 
gram of female flower, of A\ dUlillatoria . B, C, E enlarged. (A after Kor- 
tlials; B-K after Wunschmann; F, G after Eichler.) 

Madagascar where it is ropresentod by one specios, south to North 
Australia (Capo York Peninsula) and northwards through the 
Malay Peninsula to the Khasya Hills in N.E. Bengal (one species). 
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and Southern China. They are shrubby plants, generally climbing 
by means of the leaves which are alternate, entire and remarkably 
modified. The most complete have a blade divisible into three 
parts, the lowest fiat and performing the ordinary functions of a 
foliage-leaf, a median portion slender and tendril-like becoming 
coiled round suitable objects for support, and a terminal portion 
which is developed into the familiar pitcher with its lid 1 he 
pitcher contains a fluid with digestive properties^ due to the 
presence of a proteolytic enzyme secreted by glands lining the 
lower portion of the wall; the brilliant colouring of the upper- 
portion of the structure and the nectar secreted near and about 
the rim attract various insects which on falling into the pitcher 
become drowned and are digested in the fluid, the soluble proteid 
being ultimately absorbed by the walls of the pitcher. 

The flowers are small, regular and dioecious and borne in simpl 
or compound racemes. The perianth consists of two t microns 
whorls, succeeded in the male by a varying number of stamens 
with filaments united into a tube and in the female by a supe or 
four-chambered ovary, containing numerous anatropous mules 
on axile placentas. The fruit is an elongated leathery capsule 
separating into four valves and containing numerous sawdust-like 
long narrow winged seeds. The fleshy endosperm contains 
straight embryo. Many species and hybrids are cultivated m 

greenhouses. 

REFERENCES 

1. Hecburn, .1. S. "Biochemical Studio, of In^e.ivorou, JW*. 

buttons from the Botanical Laboratory, Untv. of 1 tnnsyl vania, iv, 4iJ 

SceaboMACKARLANK, J. M. “Xepenthaceae.” Das Pflanzenreich (1908,. 


Family III. DROSERACEAE 

A small family of insectivorous plants containing four 
genera with 87 species, 84 of which belong to Drosem 
(Sundew), a genus widely distributed through the temperate 
and tropical regions of both hemispheres. The other genera 
have a limited distribution— Drosophyllum, with a single 
species from Morocco to Portugal and South Spain, Dionaea 
(Venus’s fly-trap), another monotypic genus, confined to the 
south-eastern United States and Aldrovanda with a smg'e 
species in Central and Southern Europe, North and East Asia, 
India (Bengal), and Australia (Queensland). 


K. II. 
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The great majority are small herbs inhabiting sphagnum- 
bogs like our British Sundews, or localities which are relatively 
damp during the growing season. Aldrovanda is a rootless 
swimming water-plant recalling Utricularia in habit. 

The germination of thoso species of Drosera which have been 
studied shews absence of a primary root, its place being taken by 
a protocorm-liko development of the hypocotyl bearing long 
attaching hairs; in Drosophyllum and Dioruzea a primary root is 
developed. The protocorm is a temporary structure and is replaced 
by adventitious roots developed from the stem, which, though few 
in number, are often large and serve as organs of storage as well 
as of absorption. The method of growth and life-history varies 
widely, and may be either photophilous (epigeal) or geophilous. 
In the epigeal, the axis ends in a bud capable of indefinite growth. 
The species are sometimes short-lived, as in Drosera indica , a 
native of the tropical monsoon region, which grows in a saturated 
soil and runs through its life-cycle from germination to seeding in 
one wet season; more generally they are perennial, as in our native 
D. rotundifolia, and adapted' to climates which shew a marked 
periodicity. In this species the stem bears long intemodes until 
it reaches the surface of the sphagnum-layer in which it is growing, 
the internodes then remain short and a rosette of leaves spreading 
on the surface is formed. Above the rosette the terminal bud 
remains enveloped by the stipules. During winter the bud with 
the decaying leaf-rosette becomes buried by the growing Sphag¬ 
num : in spring the terminal bud renews its growth, its small lower 
leaves becoming separated by long intemodes until the surface of 
the moss is again reached when a new leaf-rosette is formed. The 
inflorescence springs from the axil of a surface-leaf (fig. 94, A). 

The geophilous species are adapted mainly to conditions where a 
damp winter alternates with a dry season. In a few cases, as in the 
two Cape species D. cistijlora and D. pauciflora, the plant persists 
by means of a swollen root lying close beneath the soil-surface, 
but generally the persistent organ is a bulb which is buried deeply 
in the soil (fig. 94, B). This mode of life characterises the large 
Australian subgenus Ergaleium. The portion of the stem below 
ground bears leaf-structures with a much reduced blade which 
function as rhizoids; when the surface of the soil is reached either a 
leaf-rosette is formed, or the stem continues to elongate and 
the lower leaves are reduced to small scales with no blade- 
development. In the axil of the upper scale-leaves is formed a 
pair of functional leaves, while higher on the stem the subtending 
leaf itself develops a blade. The higher and younger leaves shew 
a gradual suppression of the two accessory leaves. In species 
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inhabiting cold hard clay soils and 

development proceeds no further and th m icrophyUa 

conditions are 

favourable to a more vigorous development a «*>mbuigor branching 

”i»ii«T. end in an Inflorescence. 



FlU. 04. A. Drosera rot undifolio pl*n^»hicwing erythrorhisn. 

The horizontal line {rom a bulb and bearing leaves modified 

hypogcal portion of stem 8 row ‘"8 * f , w formed, x 1J. C. 1). rotund i- 

U» Form rhizoids.ot the »pc* » [ . n „ ain8 . the petiole and is enveloped 


te> form rhizoids, at the ape* a roset^ o - d is enveloped 

folia, young leaf, the blade >s bent °ver actional view of the blade; x 0. 
by the fimbnated stipule, a, , « K Inside view of same, shewing 

IX D. biruxta, lateral view of joungleaf. xb. rotundxJoUa . G . Verti- 

_ a halves of the bladt. F-1, jL Kni ni of Dionaea. (A E after 


the ooiled halv«t of the blaue^ of Sioe.rn.. (A-E after 

^"htrTSafUr U Maout and Decacne.) 

The bulb consists of very closely united leaves, of which .only the 

mmmm. 
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goal caulome does not completely perish but its dead remains are 
found clinging round the new hypogeal stem which is developed 
next season. They form a kind of velamen consisting of long strips 
of tissue the cell-walls of which have numerous oblique pores, 
the whole forming a capillary system which holds moisture for 
the supply of the rhizoids of the new caulome. In some species, 
as D. auriculata, the bud which forms the new bulb develops 
externally and is carried deeper into the soil at the end of a stou 

stolon. . , , 

Drosaphyllum has a short woody, sometimes branched, stem: 

the long narrow crowded leaves are borne on the upper part of 
the stem and branches, which below are densely clothed with the 
persistent remains of earlier leaves; the stem passes above into 
the branched cymoso inflorescence. Dionaea has a perennial 
rhizome; the short stem bears a rosette of leaves and a long scape 

bearing an umbel-like cyme of flowers. 

The degree of differentiation of the leaf is remarkably varied. 
In some sections of Drosera and in Drosophyllum the long narrow 
leaf shews little or no distinction between petiole and blade, but 
in the great majority a broad blade is plainly distinguished from 
the petiole. In Dionaea and Aldrovanda the two halves rise up¬ 
ward on stimulation, the midrib acting as the hinge (tig. 95). 
Stipules are absent or developed in a less or greater degree. In 
some cases they are indicated merely by fimbriated outgrowths 
on the side of the leaf-base. In Drosera longifolia and D. rolund i- 
folia they form a narrow timbriated ligule at the base of the petiole 
analogous to the intravaginal scale in the leaves of Monocotyledons. 
In a series of South-West Australian xerophilous species which 
persist through a long dry summer on sandy soil, the stipules form 
an important intrapetiolar growth by which the young blade is 
protected in the bud. The degree of development of the petiole 
and its function also vary widely. On the one hand, as in our 
British species with leaf-rosettes, or the Australian climbing forms, 
it serves to place the leaf-blade in a suitable position, while in 
other eases it assumes, more or less, the function of assimilation, 
becoming broadly winged, as in a very marked degree in Dionaea 
(ti<r !>.">, A). In Dionaea the lower part of the jietiole is swollen, 
containing storage-tissue in which starch is deposited, and the 
>anie occurs in Drosera hina/a (Eastern Australia) where the lower 
part of the petiole persists after the decay of the upper part and 
the forked blade. 

The mode of development of the leaf-blade also varies. In a 
small southern group of Drosera the young blade is folded 
lengthwise; in others it is folded across the middle and 
attains its full size bv intercalary growth; in others again, as in 
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D - rotundifol ^ v f t hmar2n^ e i , nrouS. t °In Drosophyllum 

the^blallels often peltate* insert on the petiole. 



V^w ^ | ^ 

Fig 95 A Leaf of Dionae/t, one half of the blade has been l)ro ^ r(l rnacrantha. 

' half are seen three sensitive a ,i\ of the longer-stalked pnma^ 

showing pair of leaves springing ro ed: n, petiole; m, nmiri 


C after Fenner.) _« ands Q r tentacles 

Outgrowths of the leaf in the.^"‘^lification^or the attraction, 
are developed in connection wi raD ; ta te glandular hairs which 
capture and digestion of insects... J pro teolytic ferment occur 
function as digestive glands seert g wh ich occur on 

on the leaf-surface in all genei . a and Drosophyllum are 

the surface and edge of the lea head which bears a 

complicated outgrowths with a swollen 
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secreting layer, exuding a viscid fluid, and contains a mass 
of tracheids communicating by a cord of tracheids with the 
vascular tissue of the leaf. Sensitive hairs of a complicated structure 
occur on the leaf of Aldrovanda and Dionaea (fig. 95). 

In response to mechanical or chemical stimuli the leaves execute 
movements, consisting in Drosera of an incurving of the tentacles 
towards the stimulated area, and in Dionaea and Aldrovanda of a 
closing together of the halves of the lamina. In Aldrovanda the 
outer portions of each half become appressed, the inner portions 
forming an inflated bladder. For details of these remarkable 
movements, and subsequent. digestion and absorption of nitro¬ 
genous food-stuffs, works on physiology should be consulted. 

In Aldrovanda the flowers are few in number and stand 
solitary in a leaf-axil; a few species of Drosera have a one- 
flowered scape but generally the flowers are borne in cymose 
inflorescences on terminal or axillary peduncles. They are 
bisexual and regular, generally pentamerous or sometimes 
tetramerous, with often increase in the number of the stamens 
and reduction in that of the carpels. Fig. 94, F (Drosera 
rotundifolia) represents the most general type of floral 
structure. An increase in the number of stamens ( Droso - 
phyllum and Dionaea have 10 to 20) is due, according to 
Paver, to the formation of a second whorl of five, and to 
doubling, especially in this second, epipetalous, whorl. The 
pollen-grains generally remain united in tetrads. The most 
important distinctions occur in the pistil; in place of the 
three parietal placentas of the Drosera type, there is in 
Dionaea (fig. 94, H) a large many-ovuled basal placenta; the 
form of the styles and stigmas also varies. The ovules are 
anatropous. The fruit is a many-seeded capsule in Drosera 
which dehisces loculicidally into three to five valves, ac¬ 
cording to the number of caqicls. In Dionaea dehiscence 
is irregular, and in Aldrovanda the fruit remains closed, the 
seeds being set free by decay of the pericarp. The testa often 
loosely envelops the seed; the short straight embryo lios 
at the base of the copious oily endosperm. 

There is some difference of opinion as to the position of this 
family. The grouping in one order, Sarraceniales, of the three 
families Sarraceniaccae, Nepenthaceae and Droseraceae is 
adopted by Engler, and also by Hallier, who, how r ever. 
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includes the first two in one family (together with Cephalota- 

sa sar-aar- 

most nearly allied to Violaceae, as also does Wettstem. 


Order 4. PARIETALES 

Flowers regular or zygomorphic, g ® ncr "' l [ n ^® X ““ 1 I “ l n y 

distinct pentamerous °£L U e,dly of three united 

as the petals or more. Pistil most 

S£? =r;;r, 3; 

Frankemaceae and Elat ^ a superior ovary; 

and regular flowers wi I ,. .. in the other three 

in the first two „ inde fi„ite are arranged in 

—. The' remaining ^"“viTn“ 
Passifioraceac, Carieaceae and W. charactcris ed 

uluafiy tn^toite'^ndS ovary gCer^-Uor; disc-like 

-tsCiS -cis um 

the petals unite to form a longer or shorter tube. 
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Family I. CISTACEAE 

%/ 


A small family (1G0 species in 7 genera) of herbaceous or 
shrubby plants with generally opposite stipulate or exstipulate 
leaves and regular flowers with indefinite stamens. The 
stamens are borne on an elongated and often disc-like growth 
of the floral axis beneath the pistil. Their development is 
basipetal, the oldest being found just below the pistil (fig. 96, A). 
This is explained as the result of an intercalary growth—a 
zone of growth is intercalated on the floral axis below the 
pistil and the stamens are formed on it in basipetal order. 
There are five sepals, the two outer generally smaller (fig. 96, 
B) and sometimes suppressed, and five, sometimes three, 
showy white or coloured caducous petals; reduction to three 
may take place in the gynoecium, as in Helianthemum, or 
there are five or even ten carpels as in Cist us. 

The parietal placentas bear two to numerous more or less 
orthotropous, rarely anatropous, ovules on well-developed 
funicles; the placentas may be carried inwards by the growth 
ot the edges of the carpels, the ovary becoming more or less 
completely three- or five-celled. The flowers are solitary or 
in cymose raceme-like inflorescences. Pollination is effected 
by aid of insects which collect the pollen: self-pollination 
also occurs. Cleistogamic flowers are formed in several 
species of Helianthemum and Cistus. 


The fruit is a leathery or woody capsule, which splits into 
valves along the middle line of the carpels (loculicidallv). 
I he seeds are small, often angular by compression and 
frequently have a rough surface. The embryo is usually 
curved or coiled in a mealy or cartilaginous endosperm 
(fig. SJ6, E). 


K CJaume 1 has studied the germination, development and 
anatomy in several species of the family and finds that they shew 
great uniformity of structure. All the seeds, especially of perennial 
species, germinate quickly and easily. There are two tvpes of 
seedlings, the Helianthemum type having oval stalked cotyledons 
nnd the ( mtux-h umana type with long linear sessile cotyledons. 
1 he perennial species have usually no underground stem, but 

1 /firm •jt'n/rnh il> Union \\iv, 273 (l9i2). 
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CUIus umbellalus and Helianlhemum Chamnecistus have well- 

developed steins capablo of V egetah\^e reproductio ■ 



B lifter Eielilcr.) 

important centre of distribution in ^ourt p«-i™ 

United States. The family is roprescntc ^ ( 

'hamuecislus is 

of Helianlhemum (Rock-rose), of ' ( wi dolv distributed 
common on dry soils and is ono “ Europe, in’North Africa 

species of the genus, occurring t rotig ' species are rare ami 

and in Western Asia; the hreo othersh^ hal)itat is the 
of limited distribution. Associated *J f ^ Hod hairs, 

development of hairs. '1 hesotake u j forn , flat scales. 

and of longer or shorter glandular hairs. 
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Family II. BIXACEAE 

A small family represented by a single species, Bixa Orellana, 
a tree native of tropical America but cultivated throughout the 
tropics. The leaves are alternate, simple and palmately nerved, 
and the showy flowers are borne in panicles. There are five sepals, 
five petals, indefinite stamens, and two carpels with numerous 
anatropous ovules on parietal placentas. The fruit is a capsule, 
splitting loculicidally; the numerous seeds have a fleshy red seed- 
coat containing the colouring matter known in commerce as 
Anatto or Orlean, which is used as a dye-material. 


Family III. TAMARICACEAE 

A small family of four genera and about 100 species; chiefly 
steppe, desert and sea-shore plants of the Mediterranean region 
and Central Asia. The plants are shrubs or perennial herbs with 
alternate, exstipulate leaves, which are often small and narrow, 
giving the plant a heath-like habit. The flowers are solitary or 
in racemes, and ebracteolate; regular, bisexual, hypogynous, and 
pentamorous or tetramorous, with often increase in the number of 
stamens and reduction in the pistil. The ovary is unilocular with 
usually free stylos and few or indefinite ascending anatropous 
ovules on basal ( Tamarix ) or parietal placentas. The fruit is a 
capsule, the seeds are hairy ( Tamarix) with or without endosperm. 
The family falls into two distinct tribes: 

Tribe 1. Tatnariceae. Comprises Tamarix, the largest genus, 
with (>4 species, one of which, T. gallica (Tamarisk) (fig. 97), 
is a doubtful native on our southern and eastern coasts, 
and Mi/ricaria. It has small racemose flowers, free petals, 
and hairy seeds without endosperm. 

Tribe 2. Reautnurieae. With solitary flowers, free petals and hairy 
seeds with endosperm. Two genera. Reaumuria and H ololachne, 
in the eastern Mediterranean region and Central Asia. 

Family IV. FRANKENIACEAE 

A small family of generally perennial herbs or undershrubs with 
stems jointed at t lie nodes and small opposite-decussate exstipulate 
leaves. The small regular hypogynous bisexual flowers are 
arranged in terminal or axillary cymes; beneath each flower is a 
pair of modiauly placed sterilo bracteoles alternating with the 
two lower normal (and fertile) bracteoles. The four to seven 
sepals are united into a tube for the greater part of thoir length; 
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alternating with then, are an W f aK^ch with a 

claw, to which is attached a g • w ^ or , g the filaments being 

There are six stamens in t\\ o trim the versatile cxtrorse 

anA^'^Wsce^ngitudhially. Tho pJsta con S is^_^ generally 
arSSEi -*£ ^rthree^igntaa; the three 



Fio. 97. Tabriz 
parietal placentas are 

definite anatropous ovules on 11 g g Th f it is a capsulo 

is effected by aid of po en ; co loculicidally. 

irte U t d dsYav°e and contain a mealy endo¬ 

sperm surrounding the str ^^ t ( ^ X, ^ 0 °^ 60 of which belong to 
There are four genera with h4 spectes^ ^ inha bitants 

s^ayatjsfssr-s --»• ~. 
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phytic and xerophytic habit finds expression in a hairy covering 
and revolute leaves giving a heath-like appearance; the structure 
of the leaf is intimately associated with the checking of transpira¬ 
tion and storage of water. The family is widely distributed in the 
temperate and warmer parts of the earth, the Mediterranean area 
being the chief centre of distribution; it is represented in Britain 
by Frankenia laevis (Sea-heath), a small procumbent plant with 
wiry branches and small rose-coloured flowers found by salt- 
marshes on the south-east coasts of England. The family is most 
nearly allied to the Tamaricaceae. 



Its. Frankrnin. A. Flower. B. Flower in vertical section. C. Petal. D. Sta¬ 
mens and pistil. E. Floral diagram. F. One valve of fruit bearing seeds. 
G. Seed cut transversely. All magnified. (After Le Maout and Decaisne.) 


Family V. ELATINACEAE 

A small family containing only about 40 species in two genera, 
but very widely distributed through the temperate and subtropical 
regions of both hemispheres. They are generally small annual 
glabrous herbs living in water or on mud, with creeping stems 
rooting at the nodes, and opposite or whorled, simple, entire or 
serrate, stipulate leaves. The cortex of the stem and root is 
interrupted by a ring of largo longitudinal intercellular spaces. The 

^ n small dichasia in the leaf-axils. They 

are small, regular, bisexual, hypogynous, and conform to the 
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formula Sn, Pn, An + n, Gn n being 2 

r^e'bte °r a p raum,a"e„ s are f'ree; sepals, petals ami 
stamens persist till the fruit is ripe. The pistil I is ^ a J|^ U s ; |os 
number of chambers in the ovary and of 

indicate the number of carpels presen . central 

tropous ovules are arranged in two or ’^.[^^^Vasl and 
column. Self-pollination has seen o . capsu | e 

in Elatine cleistogamy is known to occur. Ihe fruit I 



.. f * i n „t n y 4 Ixiiuistrutn* flower in 
Fin. 90. A. Elatine U&bepl*'' °[ front, x it). 1). Floral diafsnjm 

leaf-axil, x 10. C. !■ lower o ' • .. . i n vertical section, x 1- 


leaf-axil, x 10. C. Flower of same> sec^ section, x 12. 

with septifragal dehiscence. The ££"g“a 

K hype g cotyl and two small’cotyledons 

SSZ, <?-■• ' o/yffOSS ” 

Eto“planT is very"rare 6 and in England and Ireland is 
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Family VI. VIOLACEAE 

A small family, containing about 800 species in 18 genera, 
which are widely distributed in temperate and tropical 
regions but are found chiefly in the warmer parts of the 
earth. One genus, Viola , to which the British representa¬ 
tives of the family belong, contains about half of the species, 
the majority of which are confined to the temperate zones 
and the mountains of the northern hemisphere. A small 
group of species, characterised by an acaulescent habit with 
leaves arranged in a rosette, is endemic in the Cordilleras of 
South America, and another closely allied group is confined 
to the Chilian Andes. A few occur in subtropical Brazil, at 
the Cape, and on the mountains of tropical Africa respectively, 
eight are found in Australia and New Zealand and five are 
endemic in the Sandwich Islands. The British flora contains 
about sixteen species, of which V. palustris, V. canina (Dog- 
violet) and V. tricolor (Pansy) extend beyond the Arctic circle. 

The plants are annual or perennial herbs, as in Viola, some 
species of which are shrubby below; in tropical and sub¬ 
tropical genera usually shrubs or small trees, rarely shrubby 
climbers. 

The leaves arc scattered, rarely opposite as in species of 
Hybanthus , simple and stipulate. In Viola the stipules may 
become large and leaf-like. The flowers spring from the axils of 
bracts, and the pedicels bear two bracteoles. They are solitary, 
as usually in Viola , or form axillary or terminal spicate, 
racemose, or panic-led inflorescences. Half the genera have 
quite or almost regular flowers; of these the genus Rinorea 
(Alsoflcia) (fig. 100, B, 0) contains 260 species of trees or 
shrubs in the tropics of both Old and New Worlds. The 
remainder, as in I tola, are medianly zygomorphic owing to 
the larger size of the anterior petal which is spurred or 
gibbous. 

lYntamery prevails below the gvnoecium, five sepals, 
live petals and five stamens following in regular alternating 
whorls. I he members of each whorl are generally free but 
sometimes connate at the base. The sepals are green in colour 
and generally uniform in size. In Viola they are appendieulate, 
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that is, produced below their point of insertion. 1 he petals are 
larger and coloured. The stamens have a very short filament. 
In zygomorphic flowers the connective of the anterior pair 
of anthers is spurred, as in Viola (fig. 100, D), or otherwise 
appendaged. 

The one-chambered ovary is formed by the union of three 
carpels, of which the odd one is anterior. Three parietal 
placentas bear one to many anatropous ovules. The terminal 
style ends in a stigma which is extremely variable in shape 
even in the same genus. 



Fm loo A Floral diagram of Viola. B. Floral diagram of Rinorea. C. Flower 
h macrocar pa, x 3. D. Flower of Viola tricolor, cut open to shew 

relation between petals, stamens and ovary; 3 spur of one of the two anterior 
stamens E. Open fruit of 8Ame surrounded by persistent sepals. F. Ueisto- 
Jaminower of Viola, x 3. G. Stamen and pistil of same, the anther 
closely appressed to the stigma. (A, B after Eichler; C after Martius, Flor. 
liratil.; D, E after Oliver.) 

These differences in form are associated with variations in the 
method of pollination which is effected by insect-visits. Sprengel. 
more than a hundred years ago, shewed the connection between 
the shape of the flower and the visits of bees, together with the 
importance of the latter for pollination. The spurs of the anterior 
anthers secrete nectar which is stored in the hollow spur of the 
front petal. In the Pansy ( V. tricolor) the receptive stigmatic surface 
is situated in a groove on the front of the globular stigma, below it 
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is a projecting valve which when pressed back covers the receptive 
surface. The stigma lies in a groove lined with hairs, formed by 
the anterior petal at the entrance to the spur. The anthers, which 
form a closed cone round the ovary, dehisce introrsely, and the 
pollen gets shaken into this hairy groove. To reach the nectar 
the bee thrusts its proboscis into the flower just below the stigma; 
in passing down the groove into the spur the proboscis becomes 
coated with pollen, and on being withdrawn presses back the 
valve on to the stigma which is therefore protected from contact 
with the pollen of its own flower. On entering the next flower the 
insect comes in contact with and deposits pollen on the upper 
surface of the valve; and cross-pollination is thus effected when 
the valve is again pressed back. Many species of Viola, such as 
our British V. canina and V. odorata, have, besides the large 
conspicuous flowers, small inconspicuous cleistogamic flowers 
(fig. 100, F. G). These appear later in the year, and are apetalous 
or have small equal petals; the anthers, which may be reduced 
to two, are closely applied to the stigma, and the style is much 
shortened. The pollen-grains germinate in the pollen-sacs and 
the tubes grow into the stigma through a specially prepared part 
of the upper wall of the anther 1 . Self-pollination is thus ensured. 

The fruit is a capsule splitting elastically and loculicidallv 
when ripe into three boat-shaped valves (fig. 100, E); in 
Viola these, on drying, may close along the central line 
and in so doing eject the smooth seeds one by one with con¬ 
siderable force. This ensures their distribution over a certain 
area, as they may be thrown a distance of several yards. 
The Sweet Violet ( Viola- odorata) and V. hirta bury their 
seed-capsules in the ground. In a few genera the fruit is a 
berry. The small seeds are obovoid or subglobose in shape, 
sometimes compressed, and are attached by very short 
funifies. The testa is generally hard and shiny. Many 
species, including both those with and without an explosive 
capsule mechanism, have an elaiosome (oil-body) on the seed, 
in the form of an appendage of the raphe, and their dissemina¬ 
tion is aided by ants (myrmecochorv). In the climbing genera 
Anchieta (tropical South America) and Agatea (Fiji and New 
Caledonia) the seeds are winged. The embryo is straight, 
lying in the long axis of the seed, which it nearly equals; it 
is surrounded by a copious fleshy endosperm. 

1 See Sablon, L. <hi. Revue yen/rale. rfe Kolauiyuc* Mi, 305 (1900). 
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Numerous hybrids occur in the genus Viola. The garfen 
Paly Is the Result of hybridisation between orn^s of T. 
tricolor, a common cornfield weed, and other mid species, 

including V. alUiica. 

Family VII. FLACOURTIACEAE 

A widely distributed tropical family of woody plants often 

forming tall trees, with ^"'{^^‘^“ev^teen, and are 
the leaves are generally thick, leatnery, an b 




Fig. 101. A. Flower of//o»nalium in vert^scction^x O,^,due.^ st amen, 

eduU. B. Male flower, nat. mm. JJ-Pf 4 g ^ , art ()f the ovary , ■hewiiiK 

W (A “ ft " W “ rb,,rt!i 

the rest after Blume.) 
provided with stipules which 

it ”“7%. 

generally 

;::tt°Ll3e; a rnSl^: h Zomct,mesLit^ be.ow to 
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form a short tube which is usually united with the ovary, the 
ovary becoming half inferior (fig. 101, A); in one genus, Bembicia, 
they are superior. The petals are sometimes wanting, as in 
Casearia (fig. 102, B); when present they are usually equal in 
number to the sepals (fig. 101, A); in Oncoba and allied genera 
more numerous; in Dissomeria there is an inner whorl of petals 
(fig. 102, A); they are free, usually imbricate in bud and larger 
than the sepals. In Erythrospermum and allied genera the spirally 
arranged sepals and petals pass gradually from one to the other, 
and may be petaloid or scale-like. The stamens are usually in¬ 
definite, sometimes arranged in bundles alternating with the 
sepals or opposite the petals; they are arranged in one whorl, 
or in two, or apparently irregularly; they are usually free. The 



anthers arc two-celled with longitudinal dehiscence; they are 
variously shaped and often drawn out into a point ( Oncoba ) or 
variously appendaged. Outgrowths of the floral axis are present 
in very great variety ; in some cases, as in Pangium, in the form of 
scales opposite and often united with the base of the petals; in 
others in the form of glands occupying very various positions with 
relation to sepals, petals and stamens. Flacourtia has a ring-like 
disc: in Case.aria there are developments of the disc between the 
stamens: occasionally a cup-like disc surrounds the ovary. In 
other cases a conspicuous variously appendaged corona is formed 
between petals and stamens. The pistil consists of 2-10 united 
carpels and is generally superior, but sometimes half-inferior as 
in Horn'ilinm (fig. 101, A) and other genera; in Bembicia it is 
quite inferior. It is usually unilocular, with three to five parietal 
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lMge size co.°“r tyThe " 5 intraflora. 

rSr^^lr^ta^es^eoniheleaves m . 

ra 0 = root'and'usually large lai cottons. The hard seed- 
coat often bears a conspicuously coloured arj^- 

The Heshy acid fruits are the Malay 

i a T“Ta^“ ha! a "very larg! egg-shaped indehiscent capsule. 
Archipelago, has a very g f? copious oily endosperm 

containing many large s j soaking in water to 

(fig. 101, F, G) ; the p^ U Mryum and other allied 

remove a poisonous constituent. In in fl ore scence has 

west tropical African g ■ ^ elongated leaf. In 

become united with the m large internodes are 

another West African genus, Bartena, the large 

hollow and afford shelters for ants. 

There are about 70 genera and 800 spec.es. 


Family VIII. PASSIFLORACEAE 

ZStf herbs and shrubs with alternate, generally staged, 

, hed be seen to 

6 Id to the central flower of a dichasium or the fust 

“owerTar^chLiu,n. The frequently large showy flowers 

a cup or 

The large recepuw p as9ion . flower , and bears numerous 

iz-zsrsz 
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rarely four to eight or indefinite) and three to five carpels. The 
calyx and corolla are perigynous; the petals are almost in¬ 
variably free. The stamens and pistil are raised on an intemode 
(androgynophore) in the centre of the flower. The ovary is 
one-celled with parietal placentation,and several to numerous 
anatropous ovules. The styles, corresponding in number with 
the carpels, are free or united at the base; each bears a 
capitate stigma. 

Pollination is effected by aid of insects, in the attraction 
of which the remarkable corona-developments doubtless play 
an important part; the flowers are often strongly scented and 
nectar is secreted on the receptacle. Humming birds also 
visit the flowers. Extrafloral nectaries occur on the leaf¬ 
stalks. 

The fruit is a capsule, or, as in Passifiora , a berry with a 
leathery, fleshy or sometimes membranous wall enclosing a 
pulp in which the seeds are embedded; it generally opens 
either irregularly or loculicidally, and is rarely indehiscent. 
The generally numerous seeds have a sac-like aril, which is 
often red in colour and probably assists in the distribution 
of the seeds by birds. The embryo is enveloped by a fleshy 
endosperm. 

About three-fourths of the species (more than 400) are 
included in the genus Passifiora (including Tacsonia), chiefly 
found in the warmer parts of America with a few species in 
Asia and Australia and one in Madagascar. Many species 
are known in cultivation as Passion-flowers and Tacsonias. 
Several are cultivated in the tropics for their edible fruit; 
P. quadrangular is is the Granadilla, a tropical American 
species. A deni a contains about 80 species in tropical Africa 
and Asia, one of which, A. globosa, a native of the desert 
country of Tanganyika territory, is an exception to the usual 
climbing habit, havihg a very thick globular fleshy stem with 
very small leaves. Another xerophyte, Echijiothamnus, is a 
monotypic genus from Damaraland and forms a thick 
fleshy cushion-like growth fixed in rock-crevices by a strong 
tap-root. Tetrapat/iaea is a monotypic genus from New 
Zealand. 
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F ,o. ,03. P^fiora. A. B. 

of P. cotruUui\ ( I, mam axis, /, foil g f dichashim; II, lateral flower of 

which corresponds to the ce " tra ' , ■ undeveloped); 6, its bract wliich 

the dichasium (the opposite latera1 fl 1^ bractco i e8 ( a , 0) an 

•has been raised on tKe flower-sUlk *il o the leaf. /. C. Floral 

involucre; d, a - '* ‘" f 

v35X wpal; p petals; c corona E /^^^tion of Tary. 
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Fig. 104. CanVii Pajxiya. A. Female tree bearing fruit, much reduced. B. Dia¬ 
gram of bisexual flower; a', sepal; p, petal; af, stamen; o, ovary. C. Male 
flower cut open. 1>. Bisexual flower cut open, * j. K. Female flower, x j. 
F. Young fruit cut open. G. Seed cut lengthwise shewing median embryo 
and endosperm (r), x 2. (A, B, F after Marti us, Flor. Brasil.; C, D, E after 
Kohler; G after Englcr.) 
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Family IX. CARICACEAE 

A small family ^ SSW 

throughout the tropics fo 8 h succulent stems, 

the wild state. The plants are smaU tre^ witM ^ 

and spirally arranged exs ip , compound. The tissues 

long-stalked and palmate y orpin i at i c if eroU s vessels, which in 
are permeated with a ne peptonising ferment, papain. The 
C Papaya containMm ac« '^th^chaaial branching. The flowers 
inflorescences are axillary ,monoecious or dioecious as in 

are unisexual, the plants b ., fl ^ nfloreS cences are one- to three- 
C. Papaya, where the fern branc hed pendulous panicles 

flowered, while the male fori ‘ m etimes bisexual or female. 

in which the terminal flowers are petals in the male 

The flowers are pen amerous.and regular^ L hep» ^ ^ 

flower are united below into a .o' g corolla-tube in 

attached in two ^“VL th^ to file lrpels form a superior 
the female is short, the tl numerous anatropous ovules 

one- or five-chambered ovary with numerous^ ^ fnlit 

attached to parietal placentas, an ^ Q Papaya it is 

is a large berry ^ ontaiI ^ g I V t being fined by the seeds; where it 

one-chambered, the hollow ca y 8 b * a 80 f t pulp derive<l 
is several-chambered the s consists of a soft fleshy outer 

from the partition wal . embrvo has two large flat coty- 

t^oiw^andTies^n a'soft^ily ^ 0 ^°ano^e^rTn 

rSSJTof^W Africa. Otherwise the family is 

tropical American. nlaced near Passifloracoae, which 

Caricaceao has generally been placed ne ^ ^ ^ differs in 

it resembles in the structure o . j and double row of 

thc structuro of Uio llowerH—umon^of^ petals^ and 

stamens-and the for b accolint of the structure 

thechalaz^ancTbranches wide,. 

Family X. LOASACEAE 

Herbaceous or shrubby 

["nd^^nSy’more or less covered with hooked or some- 
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times stinging hairs. The flowers are bisexual. The receptacle is 
united with the ovary and forms a variously shaped tube. The 
flowers are very various in form, but generally have five sepals, 
as many alternating petals, which are usually free, and numerous 
stamens arranged in groups opposite the often concave petals; 
staminodes or nectar-secreting scales are frequently present 
opposite the sepals. The ovary is entirely or partly inferior; the 
three to seven carpels have each one to numerous ovules usually 



Fie. 10.">. Mentzelia mtjteru. A. Tip of shoot with flower, x B. Floral diagram. 
C. Flower in vertical section, x 21. D. Fruit shewing apical dehiscence, x 5. 
K. Seed, x 7. F. Seed cut lengthwise, x 7. G, H. Bristly hairs, x 00. 


on parietal placentas; the ovule has only one integument. The 
fruit is a straight or spirally twisted capsule, usually with five 
to seven valves. The seeds contain endosperm. (Fig. 105.) 

There are 13 genera and about 250 species. The chief centre of 
distribution is Chile, but the fainil\- is well represented in tropical 
South America, spreading southwards to Argentina and northwards 
through Mexico to California with a few species in the north¬ 
eastern I'nited Stilt os. The only Old World representative is 
Kissonia , a monotypie genus, native of the dry country of south¬ 
west Africa, Somaliland and South Arabia. 
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Species of Mentzdia, Loasa and Cajophora are well-known in 

gardens. . . 

The affinity of this family is also doubtful. 


Order 5. PEP0N1FERAE 

(CUCURBITALES) 

Flowers generally unisexual, regular and generally penta- 
merous, with reduction to three in the pistd; stamens some¬ 
times indefinite. Pistil inferior; the large placentas bear 
numerous ovules with a large persistent nuceUus and two 
well-developed integuments. Endosperm absent or scanty. 
Mostly tropical herbaceous plants, often climbing. 

Allied to the previous order through Pass.floraceae and 

neighbouring families. 


Family I. CUCURBITACEAE 

Flowers generally diclinous, regular and pentamerous, 
usually with reduction to three in the pistil. Calyx and enrol 
epigynous generally inserted with the stamens at the edge of 
an epigynous outgrowth of the receptacle. Corolla generally 
sympetalous; stamens united in pairs, or into a single column 
rarely free. Placentas thick, fleshy, bifid, bearing a number of 
ovules on each side. Fruit fleshy, rarely dehiscent. Seeds with¬ 
out endosperm; embryo straight with large oily eotyledon^ 
Annual or perennial herbs, with scattered long-stalked 
palminerved exstipulate leaves; generally cfimbing by means 

<>f Generaabout 100; species about 800, in the warmer parts 


of the world. 

The cotyledons appear above ground as the first green 
leaves of the plant. They are generally more or less oblong 
in shape, suborbicular in Bryony, and though entire m the 
seed often become emarginate from subsequent retardation of 
growth at the apex. In Cucurbita the escape of the cotyledons 
from the seed is aided by development of a peg upon the 
lower side of the hypocotyl by which the lower half of the 
testa is pressed to the ground, while the upper half is raisec 
by growth of the plumule. 
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The family consists chiefly of climbing herbaceous annuals, 
which contain a large amount of sap in their vegetative organs 
and have a remarkably rapid growth. Dendrosicyos, a genus 
of two species, confined to the island of Socotra, forms small 



a inalr flower, a lateral branch and a branched tendril. B. Male flower cut 
o|H*n: of the tivc stamens four art' joined in two pairs and one (the central) 
is distinct. C. One pair of stamens. D. Female flower in vertical section. 
K. Ovary in transverse section. F. Fruit. («. Seed. H. Same cut lengthwise. 
A, V, O, H somewhat reduced; B-E enlarged. 

(ices, but the stem is soft, like a turnip. Climbing is effected 
by tendrils, the morphological value of which has been much 
disputed. The leaves arc arranged in a § phyllotaxy on the 
often live-angled stem. If we trace the leaf-spiral upwards 
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the position of the tendril is on the upper or anodic side of 
the Teaf base. In the leaf-axil are borne the flower or in¬ 
florescence and a branch; one or other may be absent in 
different genera or species. Thus in Cucurb.ta Pepo (Pumpkin, 
Marrow we find associated with one leaf a flower a leafy 
branch and a branched tendril (fig. 107, A ; see efeoCtlrultus 
fig 108)' in Cucumis sativus (Cucumber) a median flower, 
inflorescence, a leaf-branch and a tendril or exceptionally 
a pair of tendrils (fig. 107, B; sec also fig. HO.) 



* 

\ .© 0 


Fig. 107. A. Ground plan of or female flower; 

bila Pepo; a, main axis./, f *indicate order of development. B. Same 

fe, leaf-shoot; (. tendnl; tbe numbera m t ^ , eft of the axillary male 

in Cucumis sativus; mdicating letters indk . ating the order of 

flower is a secondary male of female flower of Cucurbita / epo 

development of the flowers. C. Diagram . d , rin D> E. Arrange- 

l t „ h l fi o V [ %“S'oV irpri.. i" .O <hc 

(After Eichler.) 

In Ecballium, the Squirting Cucumber of ^ 
ranean region, a prostrate herb, there are no tendrils^ ^ 

The explanation suggested fj^g^ower^sTthe axillary shoot of 
and others is the following. bracteoles; the other 

the foliage-leaf, the tendnl » °* ^*1 as a tendril 

bracteole is suppressed or exc j g. The i ea fy branch is 

a« in Cucumis sail mi h (Cu ^^ e tcn ^ii Hke bracteole; the flowering 
a shoot borne in the axil of tho axiJ G f the second, usually 

branch is similarly a shoot bor , has become pushed 

aborted, bracteole. The 'primary shoot (or flower) to its 

out of its original position on the primary 
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present position by the side of the foliage-leaf. When only one 
tendril is present the primary shoot (or flower) also becomes 
pushed towards the anodic side of the leaf-base; when two tendrils 
are present it preserves its median position. In sterile leaf-axils, 
the primary shoot (flower) remains undeveloped, its bracteole 
(tendril) and secondary branch (leaf-branch) alone being developed, 
or the tendril may also be absent. The leaf-spiral on the branches 
runs in the opposite direction (antidromous) to that on the main 
axis. When the tendril is branched as in Cucurbita or Sechium 
(fig. 110) the order of development of the branches is homodromous 
with the leaf-spiral of the main shoot. 

According to this explanation, therefore, the tendril is a bracteole 
which has become pushed out of its place. Another theory, ad¬ 
vanced by E. G. O. Muller in the Pflanzenfamilien, is based on the 
series of transitional structures between tendril and leaf found in 
Cucurbita Pepo. Sometimes the petiole twists round a support, 
sometimes the leaf-apex or its lateral ribs are tendril-like, or the 
tendril is a simple thread or a branched structure. Muller assumes 
that the twining part of the tendril is a leaf-structure, while the 
lower stiff portion is a stem-structure; the stem portion may be 
reduced to an inconspicuous or invisible rudiment. Other ex¬ 
planations have been advanced. 

Engler 1 has shewn that in Kedrostis spinosa (Tanganyika 
territory) the explanation is a simple one; the leaves have thorn¬ 
like stipules one or other of which may grow out into a tendril. 

The leaves shew considerable variety in form, but are very 
often palmately lobed or divided. A very constant character 
is found in the veining. The two strongest lateral nerves 
spring right and left from the base of the midrib, at about 
half a right angle. The other strong lateral nerves spring 
not from the midrib but from its first pair of branches, and 
are themselves the source of the next largest ribs (fig. 109, A). 

Acanthosicyos is a thorny leafless dioecious shrub, three 
to five feet high, found in the sand-dunes round about 
\Y alfisch Raj- in S.W. Africa. The thorns are modified stipules. 
This remarkable plant has a thick root, which may reach a 
length of 15 metres. 

Stem and leaf shew a well-marked anatomical character. 
I he vascular bundle is bicollateral, the xylem being covered 
both inside and outside by a broad phloem-band containing 
large sieve-tubes; it is separated from the outer band alone 

1 Enfiler’s Baton. Jahrb. XXXIV, 302 (1904). 
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bv cambium. The typical arrangement in the stem is two 
alternating circles of five bundles. Other arrangements may 
be derived from this by splitting, union, or disappearance o 

° n ThI r"y bisexual, flowers are solitary or borne 
in inflorescences of various kinds, of which the male are more 
ricK branched than the fern*. The and = n - often 
represented by staminodes in the female A the 

pvnoecium by an aborted pistil in the male. 1 he flowers aic 
mgvdar Tlmperianth and stamens are attached to an often 
cup or bell-shaped production of the; -ept»clewhich » 

c £ 

Srr^thene^-^ 

mentioned seems the more natural view —8 ' 
of Cucurbitaceae with the perigynous PolypetalaeTh i athmty 
is illustrated by the tropical American genus FeviUea («g-™>■ 
"al five 5 ^ free petals and five free stunens a^matmg 

with them. The anthers are two-eeUed and dehisce o^ 

longitudinal fissure There is no (India to 

anthers, of more than two cells. 1 , innroxi- 

Sd Jlw^The 

and curia*. 

B), it is" complete and the androecium apparently consists 

of three stamens, two with four ce s an ^ curvillg Q f the 

Further complicafton^ ; nt ™ du ^ ^ much curved and 
cells; in Cucurbxta (fig. 108, it) tn \ united into 

by the cohesion of the connective e an but the 

a central column. Lagenana restu ‘ D); in Sicyo* 

anthers are irregularly curved ( g- ’ ’ : tcc j into a 

tCp i()g n\ an ci in Sechium the filaments « 

cofumn 8 bearing^the anthers which are remarkably curved ,n 
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the former. The most aberrant form occurs in Cyclanthera 
(warmer parts of America) (fig. 108, A, B), where the stamens 
are completely united into a central column with two ring¬ 
like pollen-containing chambers running round the top. The 
inferior ovary is of very various external form, from long 
and narrow to spherical or flattened; it may be cylindrical, 
or sharply angled or winged; smooth, hairy or prickly. 
There are generally three carpels, more rarely four or five: 
the generally numerous ovules are borne on as many thiek 
fleshy bifurcating placentas which fill up the unoccupied 
space. In a few genera, as in Sechium (fig. 110, D), the ovary 
is unilocular with one seed. 



Kit;. 108. Tvpos of androeeiura. A. Male flower of Cyclanthera cut open to shew 
the androecium. B. Androccium in vertical section. C. Sicyo* % filaments 
and anthers united. 1). Lagenaria and E. Cucurbita, with curved anthers 
united into a column. All enlarged. (C—E after Muller.) 

A transverse section of the fruit shews three (four or five) 
radiating lines with twice as many groups of seeds near the 
circumference (fig. 106. E). The simplest explanation of this 
appearance is that the edges of the carpels meet in the centre 
of the ovarv and then curve outwards across the middle of 
each chamber, bifurcating near the circumference and 
bearing the ovules on the two incurving edges. The original 
carpel walls have become indistinguishable and form the 
pulpy mass of the fruit. The style is generally columnar 
bearing one forked stigma for each carpel. The stigmas are 
commissural, that is, above the dividing lines between the 
carpels, not, as we should expect, above their dorsal sutures. 
This position is explained by assuming that each is a joint 
structure composed of a branch of the stigmas of two adjacent 
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Fio. 109. Fevtllea cordtfolta. A ;^ m u ,J f . axi i. ». A lobed leaf. C. Male 
a tendril springs from onc Bidc of ‘ 1 ‘ x 3 . D. Side view E, front 

flower, the petals bear a Female flower m vortical sect .on; 

view of a stamen, enlarged , c, connect • ^ . vertical section. 

a, Btaminode. G. Fruit cut open. H. beed, x 6 . * 
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carpels. The ovules axe anatropous, with a short thick 
funicle and two integuments. 

The flowers are sometimes conspicuous by their size and yellow 
colour (for instance, Marrow, Cucumber); others, as in Bryony, 
the only British representative of the family, are small and greenish. 
The smallest, however, are rich in nectar and make up by numbers 
for their small size. In Bryony the male flowers are twice as 
large as the female. Nectar is secreted by the floor of the cup¬ 
shaped disc, which in the male becomes roofed in by the stamens. 
Approach to the nectar is allowed through the three longitudinal 
apertures between the stamens and through the top between the 
upper ends of the anthers. As a result of the winding of the anther- 
cells the pollen on dehiscence collects towards these apertures so 
that an insect probing the flower for nectar will also collect pollen 
on its head or on the under surface of its body. In the female the 
style rises in the centre of the cup and divides into three spreading 
broad-lobed branches the papillae of which will collect pollen 
brought on the head or ventral surface of an insect-visitor. Thus 
cross-pollination, necessitated by the unisexuality of the flowers, 
is facilitated. 

The fruit is nearly always soft, fleshy and indehiscent, 
forming a berry or where, as in $lelon or Cucumber the epi- 
carp forms a hard rind, a variety of berry known as a pepo. 
It sometimes reaches an enormous size as in Melon, Marrow 
or Squash, and varies much in shape, even in the same species. 
Note, for instance, the different forms of Pumpkin, and 
Marrow (Cucurbita Pepo), and of the Calabash (.Lagenaria), 
the outer woody pericarp of which makes excellent flasks. 
The ripe fruit of EcbaUium is highly turgid; when touched 
it suddenly leaves the stalk, and the seeds, together with a 
watery fluid, are squirted with considerable force, by the 
elastic shrinking of the pericarp, through the aperture thus 
formed at the lower end. In Cyclanthera explodens (South 
American Andes) one half of the zygomorphic fruit rolls 
back elastically and shoots out the seeds. 

The seeds have no endosperm and contain a straight embryo 
with a short radicle and large flat cotyledons which are rich in 
oil; they are often flattened. The seed-coat generally consists 
of several (often ten) layers; the outermost is derived from 
the carpellary wall, and is, like the next layer (formed from 
the integument), capable of swelling in water. Then follow 
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several hard and thick-walled layers, while the innermost 
are thin. Sechium edule (a monotypic genus native in the 
warmer parts of America, where, and in the Old W orld, it 



FlO. 110. Sechium eduU. A. Howor 

Hower, a male inflorescence an <i an ther» x 5.D. Female flower in 

vert^l-ctir o rx°4?r^ g thof tra. diae. E. Fruit with seed cut vertically. 

* j. (After Baillon and Flor. Brasil.) 

also cultivated) has a large fleshy one-ceUed one-seeded fruit 

(fig 110.E). The seed, which is also large, conforming to the 

interior of the indehiscent fruit, germinates before the latter 
drops from the plant. 
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In Momordica Charantia (fig. Ill) the orange-coloured fruit 
opens by three valves which bear the bright crimson seeds, the 
outer coat of which is pulpy. The fruit- of Fevillea is a berry, 
often large, which finally becomes dry and somewhat hard. 
The large flat seeds have a thick integument enclosing a large 
embryo with thick cotyledons which are rich in oil (fig. 109). 



I'ic. III. Momordica . A. Male flower of 3/. Bahatnirui. B. Fruit of M. Charantia. 

C. Same opening, x }. I). Seed, x 3. (A after Baillon.) 

Cucurbitaccae is a widely distributed family, most abun¬ 
dant in the tropics, and wanting in the colder regions. Three 
genera occur in Europe: Ecballium is monotj'pic and confined 
to the Mediterranean region, where occurs also the colo- 
cynth, Citrullus Colocynthis. Our sole British representative, 
Bryonia dioica (Bryony), spreads from the Mediterranean 
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region into south and central Europe. A second species 
B alba , distinguished from Bryony by its black fruit an 
monoecious flowers, is found in central Europe; and a third. 

B crelica, in the eastern Mediterranean. The genus contains 
five species besides, one in the Canary Islands and four in 
further Asia. Three genera occur in temperate Eastern Asia. 

In America, Sicyos angulatus in Canada goes farthest north 
while the two tropical American genera, Cucurbita and 
Echinocystis, reach as far north as California and Oregon. In 
the southern hemisphere, the family occurs outside the 
tropics at the Cape, in Australia, New Zealand and Argentina 
The Old World has the greater number of genera, but 
America contains the greater number of species. Excluding 
Cucurbita, which is probably not endemic in the eastern hemi¬ 
sphere, seven genera only are common to the East and \\ e. t. 
Of these Mdothria is one of the larger, with 60 species in the 
warmer parts of both Worlds, while Cucurms has 30 species, 
chiefly tropical African, but also generally distributed in warm 
regions. C. Mdo (melon), a native of south Asia and tropical 
Africa, is widely cultivated; C. salivas (Cucumber probably 
originated in India, and has been cultivated from earliest times 
The fact that this, like Cucurbita Pepo and other tropica 
members of the family, runs through its life-h.story fromseed 
to seed in a few months, allows of its successful cultivation 
the summer in climates like our own. Citrullus a S enus nC “‘: V 
allied to Cucumis, has four species; two South African, a thud, 
c vulgaris the Water-melon, native in tropical and south 
Africa which was cultivated in Egypt and the East m earliest 
rimes and had spread into southern Europe before the 
Christian era- and C. Colocynthis, which differs from the last 
t “ter fruit and extends from N.W. India to tropical 

Africa and the Mediterranean region. 

Many of the fruits are of use to man, while a few spemes 

are cultivated as ornamental plants, or as cunos ties {Ecbal 
Hum) The dried fibrous tissue of the rind of the fruit of 
Zffa cylindrica (Old World tropics) is the well-known 

loofah sponge. 

There has been considerable difference of opinion as to the 
affinity of this family. The older botanists, such as Kobert Brown. 
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De Candolle and Naudin, placed it with Passifloraceae among the 
perig^nous polypetalous families, and this view was adopted by 
Bentham and Hooker. Kichler, on the other hand, placed it near 
Campanulaceae as an appendage to his series Campanulinae, basing 
his decision on the typically epigynous pentamerous flowers, the 
frequently gamopetalous corolla, the tendency to union of the 
stamens, and the form of the calyx with narrow yet plainly leaf¬ 
like points. This view has been followed by Engler who places 
the family by itself in an order Cucurbitales, next to the order 
Campanulales. There are, however, strong reasons for adopting 
the older view. The important characters of the ovule-structure 
which has a large persistent nucellus, frequently an extensive 
tapetal tissue, and two distinct integuments, are at variance with 
a position among the typical sympetalous families but find a 
parallel in Passifloraceao and allied families, in which we have 
also noted a tendency to union of the petals and epigyny. We 
have therefore adopted the position suggested by Hallier and 
regard Cucurbitacoae with Begoniaceae (and the small family 
Datiscaceae) as forming a distinct order next to the Passifloraceae 
group of families 1 . Recently P. Vuillemin 2 has maintained that 
Cucurbitaceae and Begoniaceae must be relegated to the apetalous 
group of orders, among which he classes them with Balanophoraceae, 
Rafflesiaceae, Datiscaceae, Nepenthaceae and Aristolochiaceae. 
Ho regards them as apetalous and the so-called corolla as an inner 
calyx. 

Family II. BEGONIACEAE 

A small widely distributed tropical family included almost 
entirely in the genus Begonia with more than 600 species in 
both Old and New Worlds but absent from Polj’nesia and 
Australia. There are four other genera, Hillebrandia and 
Sytnbegonia , each with a single species in the Sandwich 
Islands and New Guinea respectively, Begoniella with three 
species in Columbia and Sernibegoniella with three in Ecuador. 

They are mainly succulent herbs, generally erect, but often 
creeping, or acaulescent with an underground rhizome or 
tuber, the latter formed from the swollen hypocotyl or by 
local swelling of the rhizome. Many species of Begonia are 
root climbers. 

The leaves are alternate in two rows on the elongated 

1 See al^o .1. E. Kirkwood in Bull. Xew York Botan. Garden , m, 313-402 
( HXMh mid d. M. Coulter in Botan. Gazette, xxxix, 73 (1905). 

■* AnnaUs d. Sciences Xuturclles f Botan . sor. x, v, 5 (1923). 
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stems; in creeping stems and root-climbers they are arranged 
dorsiventrally. They are generally asymmetrical, stalked 
and succulent, often brilliantly variegated, generally pa mate y 
nerved, with an entire, toothed or lobed margin or palmately 
divided. The stipules are generally large and often persist 
after the fall of the leaf. Hair-structures on stem and leaf 
shew a remarkable variety in size and form, and there are 
also transitional structures from true hairs to emergences in 
which the parenchyma beneath the epidermis takes part 
Groups of small tubers are often found m the leaf-axils which 
correspond to the lateral branches of a suppressed axillary 
shoot. Adventitious buds are very readily produced 
especially on isolated portions of the leaf as in the metho 
of propagation of the Rex Begonias (with large ornamental 
leaves) by buds which readily form when the cut surface 
of the leaf is kept moist in the soil. A callus is formed 
over the wound, and buds arise on the upper leaf-surface, 
at the point of section of the nerves, from a meristematic 
tissue which is developed from the callus, and tilso on the 

nerves beyond the cut, by division of a group of 'T 1 ' cr 
cells; they are specially associated with cells which bear 

tT1 1 n°addition to the normal open or closed ring of vascular 
bundles in the stem, eauline bundles occur, especially in 
tuberous and thick-stemmed erect species, which run 
separately through the intemodes and unite at the n* 
with the vascular ring; in some species also.eortical bundles 
occur. Crystals of calcium oxalate belonging to the quadratic 
system are present, either solitary or grouped in glands; and 
cystoliths are frequent, especially in the leaves taking the 
form of double cystoliths, more or less sphenca structures, 
on the common wall of two neighbouring cells. The in¬ 
florescence is generally axillary and forms dichasia with a 
tendency to pass into monochasia of the helicoid type. 1 
primary y axes P end in a male flower; the female flowers are 

borne on the last or last axis but one. 

The flowers are monoecious, generally somewhat yg 
morphic, with a simple perianth ; in Hillebrandra and Begomdla 
an inner whorl of small petals is present, alternating with 
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sepals. Except in Begoniella and the female flower of Synt- 
begonia , where they unite to form a tube., the perianth-leaves 
are free. In the male they are generally two to four in number, 



l ie. 1 12. Ilctjonin . A. Dtchasiuni of B. sea title ns. shewing a central male flower, 
a female flower and a male flower-bud, x 2$. B. Transverse section of 
ovary of same, x o. C. Portion of transverse section of ovary of B . acuminata 
."hewing a forked placenta, x .*>. 1). Diagram of dichasium of B. acuminata 

shewing a central male flower with four sepals in two pairs and two lateral 
female flowers with bracts anil brnctcolesfa and fl) and five sepals. (I) after 
Kiehler.) (From FUtr. Jam.) 

in the latter case in opposite pairs, the large outer pair 
alternating with and covering the smaller inner pair. The 
numerous stamens (four in Begoniella) are in many whorls, 
and are free or with filaments more or less united to form a 
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tube. The two-chambered anthers are basally attached and 

the connective is often produced; the anthers dehisce by 

means of longitudinal slits, rarely by pores In the female 

flower the perianth is superior, with generally two to five 

(rarely six to eight) parts; the two outer members more o 

less cover the inner. Except in HiUebrand.a, where the upper 

part is free, the ovary is quite inferior; it generally beam 

one to three, rarely six, wings, and is usually v 

two- to three-, rarely four- to six-chambered, ,-^h 

axile placentas which are simple (fig. H2, B) torkea 
(fig 112, C), or even twice forked. In HUlebrandta the ovary 

is unilocular and there are five forked recurving parietal 
placentas. The very numerous anatropous ovules 1 
integuments. The two to three, rarely four to s'-. styles are 
sometimes united at the base; they are generally deeply 
forked; the often twisted branches bear the stigmat.c pap'Uae. 
In spite of absence of floral nectaries and, except few 

cases, a distinctive scent, the flowers are probably insect 
pollinated. The spreading, bright white pmk or scarlet 
perianth-leaves and sometimes the adda.onala tractKn o 

coloured bracts suggest entomoph.ly, as does als ° 
flowering of the female flowers which terminate the young® 

branches of the inflorescence, so that in the earliest stage 

in Th r rfru n i C t e is S gTntal.y a horny capsule splitting lengthwise 

along the wing! The seeds are minute an d v e 
when ripe they contain no endosperm but are failed b> 
small straight‘thick poorly differentiated embryo, the 
of which are rich in oil. 

Th0 great majority of the " ^ 00 “ 

SSSTSl in^e Indie region Ld oxte“ i IK 

next largest distribution “n tre is 1 n c “ tl "r India, and the Malay 
Eastern Himalaya, the mountains , snccies while the 

Archipelago; eastern tropical Africaarc rich i species, 
damp forests of the Cameroon and Gaboon “ rt " C " secti( 5 na of 
The perennial tubers which character! 0 of tho 

Begonia are adaptations to the ( r,cr * . s th Africa (on the 

Andes, and a similar development occurs 
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mountains of Natal), and also in the dry climate of Socotra where 
one species is found. 

The affinity of the family is obscure. A parietal placentation 
is present in Hillebrandia, and the inferior ovary finds a parallel 
in Loasaceae among the Parietales. Its nearest ally is the small 
family Datiscaceae (a few species in West Asia to India and the 
Malay Archipelago and one in Mexico and California) which agrees 
in having unisexual flowers, an inferior ovary with parietal 
placentation (as in Hillebrandia) and an oil-containing embryo, 
while the very scanty endosperm in the seed forms a transitional 
stage to the typically exendospermic seeds of Loasaceae and the 
Parietales generally. Begoniaceae has, however, much in common 
with Cucurbitaceae, namely the unisexual flowers, inferior ovary, 
the tendency to union of the stamens, the exendospermic seeds 
with an oily embryo and the palmate nervation of the leaf. 


Order 0. GUTTIFERALES 


Flowers regular, more rarely zygomorphic, generally bi¬ 
sexual, hypogynous. Calyx and corolla sometimes penta- 
merous but shewing much variety in number and arrangement 
of parts, which are usually free. Stamens often numerous, free 
or sometimes variously united. Pistil of two or more united 
(rarely free) carpels, superior; ovary generally multilocular 
with numerous ovules in the inner angle or when the ovary 
is unilocular on the ventral suture. Ovules with two integu¬ 
ments. generally anatropous. Endosperm when present con¬ 
taining oil and proteid granules. 

Generally woody plants, often with intercellular secretory 


passages. 

1 his order is closely related to Parietales, with which it 
is united by Engler, but may be distinguished by the generally 
axile placentation. Like the Parietales it may be regarded as 
derived from the Ranales, affinity with which is especially 
suggested by the Dilleniaceae with a frequently spirocyclic 
perianth, indefinite hypogynous stamens and sometimes free 
carpels. 


Family I. DILLENIACEAE 

frees or shrubs, sometimes linnes, rarely herbaceous, with 
generally alternate simple entire evergreen leaves with or without 
•stipules. The yellow or white often showy flowers are generally 
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bisexual and regular, or sometimes zygomorphic. The arrange¬ 
ment of the perianth is often spirocyclic. There are usually five 
sepals (more rarely 3-oc ) which often enlarge after flowering 
generally five petals which fall early. The hypogynous stamens 
are indefinite (rarely 10 or fewer), free or variously united at the 
base; frequently some are staminodial; the form position an 1 
mode of dehiscence of the anthers vary widely. There aw> on* 
to many carpels which are free or more or less completely united, 
but the styles are generally free; ovules 1-* in each o\« . , 



Fio. 113. A-C. DaviUa rugosa. A„ 

Sal! SS—. C.Valter 

Eichler.) (From Flor. Jam.) 

anatropous, either erect from the base of the ovary. ^^Uuture ; 

horizontal when seated at the mner ang e or on^ ^ (lehiscen t 

the raphe is always ventral. J he ; seeds are 

(cansularl more rarelv indehisccnt or a l>orry. 1 he Heeds an 

g 3 X’few or solitary, and have a oonspicuous fun.cular anl 

closely united with the testa. JThey con ain P j 13 ) 

mealy endosperm and a generally very small W 

Manv of the lianes have anomalous secondary f, 

stems £ the form of several concentric rings 

In species of Saurauja the flowers are borne on the old wood 
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such plants are termed cauliflorous—a frequent phenomenon in 
woody plants of tropical forests. 

There are about 300 species in 12 genera, widely distributed in 
the tropics, but especially Australian. The largest genus, Uib- 
bertia, with about 100 species, is almost exclusively Australian; 
the plants are small shrubs with generally showy yellow flowers. 

Dillenia indica, a large tree (India and Malaya), has very large 
showy flowers, and large edible fruits surrounded by the sepals 
which have become fleshy. 


Family II. OCHNACEAE 

Generally trees or shrubs, more rarely undershrubs and very 
rarely herbs; never climbing. The leaves are alternate, generally 
stiff, leathery, smooth and shining, with a large number of eloselj' 
arranged secondary nerves running more or l?ss parallel from 
the midrib to the margin; with few T exceptions simple, with 
a toothed margin; stipulate with membranous subulate stipules 
which often fall early. A constant anatomical character is the 
presence of leaf-trace bundles in the cortex. The flowers are 
axillary, or in racemes or panicles; in Sauixigesia and allied genera 
often in axillary dichasia. They are bisexual, and usuall}' regular, 
but may become more or less z 3 r gomorphic by the stamens 
becoming pushed to one side. There are generally five sepals (some¬ 
times up to 10) which are free (rarely slight^ united at the base), 
imbricate in the bud, and generally somewhat leathery. The five 
(rarely more, to 10) free petals are twisted in the bud, spreading 
in the open flower, and fall soon. The stamens are hvpogynous, 
sometimes on an elongated floral axis, and vary widely in number 
and arrangement. In Octma and other genera they are numerous, 
in three to five whorls, but various types of reduction occur, so 
that frequently there are only one or two whorls of fertile stamens, 
or one or two whorls may be represented by staminodes which are 
sometimes petaloid; the stamens often become pushed to one 
dde of the flower; the filaments are generally very short and the 
two-chambered anthers long, opening by pores, or less often by 
longitudinal slits. The pistil also shews groat differences. In Ochna 
and Ountha (fig. 113a) there aro .3-15 free carpels uniting above in 
a central common stylo and placed on a more or less elongated 
conical receptacle which becomes enlarged, thick and fleshy in 
the fruit, forming a cushion on which the drupes are borne. In 
the remaining genera there aro only three to five carpels which 
unite to form an ovary, which is unilocular or becomes more or 
ic.-s completely three- to five-locular by the ingrow’th of the 
placentas; when the placentas meet in the centre the placentation 
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is axile, otherwise it is parietal In 

i- 

enures distribution (con,pare DiP^ocarpaceae) f The ^ 

large and without endosperm (as in . stra j„ht or bent 

but more often small and usually winged, with a stra.gnt 

embryo surrounded by endosperm. 



Rn ' F^t °rfightly 

ThereTre 20 genera with about 400 species, widely distr j|^ 
xnerc arc $ . .. . Tho largest eonera are (Jenna > 

in the tropics, especially in Brazil, lhc largest gen , , 

iSsSSlSs 

spirocyclic floral structur nilloniaceae reduction has 

"at: »£=£?» - «- ^ 

have a reduced typo of flower. 
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Family m. MARCGRAVIACEAE 

A small tropical American and West Indian family containing 
about 100 species in five genera, which are mostly climbing or 
epiphytic shrubs with pendulous terminal inflorescences. The 
leaves are simple, alternate and leathery, and in the largest genus 
Marcgravia are of two forms; the pendulous shoots which bear 
the terminal inflorescence have large stalked spirally arranged 
leaves, the sterile shoots bear smaller leaves in two rows which 
are appressed to the substratum, tree-trunks or rocks, to which 
the shoot clings by means of short adventitious roots. The flowers 
are bisexual. Except in Marcgravia , there are five small free 
persistent imbricate sepals, followed by five alternating petals 
which are free or more or less united below ; in Souroubea the flower 
is pcntamerous throughout, in Noraniea there is an increase in the 
number of stamens, while in Rayschia the pentamerous androecium 
is followed by a bicarpellary pistil. In Marcgravia the calyx 
consists of four small sepals arranged crosswise in alternating 
pairs; the four petals are united and fall like a cap when the flower 
opens; the numerous stamens are united below. The superior 
ovary is somewhat spherical with a short style or a sessile, more 
or less radiating, stigma: before pollination it is one-chambered 
but later becomes several-celled by the ingrowth of the parietal 
placentas which bear numerous anatropous ovules, each with 
two integuments. The fruit is a more or less spherical leathery 
capsule which opens from below in an irregular loculicidal manner, 
or remains closed; it contains numerous seeds; the straight or 
bent embryo is enveloped by a starchy endosperm. 

The family is of special interest from the development of an upper 
bract above the two normal small bracteoles to form a coloured 
nectar-secreting generally hood- or pitcher-like structure. This 
reaches its highest development in Marcgravia where the central 
flowers of the umbellate inflorescence are abortive and the brightly- 
coloured bract which has become completely adnate to the flower- 
stalk is converted into a stalked nectar-containing pitcher, at the 
base of which an indication of the small sterile flower is seen. The 
pitchers stand beneath the fertile flowers which open successively 
and are said by Delpino to be strongly proterandrous, the anthers 
falling before the stigma is fully developed. They were described 
by licit 1 as pollinated bv humming birds which come in contact 
with the flowers while drinking the nectar and convey the pollen 
from one plant to another. I. W. Bailey 2 , who has recently studied 

1 B.'lt, T. The Naturalist in Nicaragua, 1874. 

Itaik'y, I. \\. " rhe pollination of Marcgravia." Amer. Joum. Bot. ix, 370 

< 1022 ). 



MARCGRAVIACEAE 


237 


two previously unknown species in British Guiana, throws doubt 
on this He points out that the nectaries are so arranged that 
birds tend to approach the inflorescences from above and do not 
become coated^ith pollen. Furthermore, in the two species 
described and figured by him, the stamens dehisce before the 
corolla falls, at which time the stigma is coated with pollen, he 
suggests that the flowers are self-fertile. 



o pcdt< 

& aT*°u W n aboAi‘veTowe;:/-Vr (From Fior. L,n.) 

The family was included by Bontham and Hooker as a tr f 
Ternstroemiaceae, but its peculiar characters entitle it 

regarded as a separate family. 

Family IV. TERNSTROEMIACEAE 

(Theaceae) 

A family of 18 genera with about 250 species wBli 

the warmer partsof the world. It comprises trees and shrubs. 
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alternate simple exstipulate, generally leathery, evergreen leaves, 
and generally solitary axillary regular, often showy, bisexual flowers. 
The perianth is often spirally arranged, and consists of five to seven 
sepals which are persistent, and generally five petals which are 
free or united at the base; both have a marked imbricate aestiva¬ 
tion. In the Camellia (Then japonica) a number of accessory 
bracteoles precede and gradually pass into the sepals, which 
number five to six, and themselves shew a transition to the petals 



Fiu. I I.’*. Thai sinen«i<. A. Portion of plant, slightly reduced. B. \ ertieal 
section of a flower shewing some of the stamens and the pistil, * 2J. 
C. Single ]K*taI with bundle of stamens, x 2A. 1>. Ovary cut across, enlarged. 
!•'. Fruit shewing dehiscence, slightly reduced. F. Seed; A, hilum; a, scars of 
three ovules which have not formed seeds; slightly enlarged. (A, C, D, E 
after Bentley and Trimen; B, F after Szyszylowicz ) 

(live to seven). The stamens are generally numerous, and are 
free or united into a tube at the base, or in five bundles which 
are opposite, and often united with, the five petals; they are 
sometimes slightly perigynous. The 2-x carpels unite to form 
a superior ovary of jvs many chainbors and bearing as many free 
or more or less coherent styles. The ovules are generally numerous, 
borne on axile placentas, and anatropous. The fruit is a capsule, 
generally splitting loculicidally, or is indehiscent. The seeds have 
little or no endosperm and a largo embryo; there is no aril. 
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A characteristic of the family is the presence of large thick- 
walled often much branched solitary cells (scloroids) in the tissue 
of stem and leaves. Secretory passages are not present. 

The Tea-plant (T. sinensis) is an erect bushy, sometimes ar 
escent plant with smooth leathery more or less oval leaves, toot hex 
at the margin and with well-marked veins The whiteRented 
flowers stand singly or two to three together m the eaf-ax L 
It has been cultivated from very early times in India and Chn a 
(its use as a beverage is mentioned in the sixth century a ; d ). It 
is perhaps a cultivated form of Thea assamica, which is also culti¬ 
vated, but occurs wild in upper Assam The various sorte o tea 
are the results of different methods in the process of n^nufacture^ 
The Camellia, T. japonica , a native of China and Japan, is « 

well-known greenhouse shrub. H , • t i .. 

The family as conceived by Bentham and Ho ° 1 '" ' 11 

Genera Plantar urn contained a larger number of genera 'I'stnlmtcd 
among various tribes. Several of these groups arc non generally 
regarded as representing distinct families such as Marcgrav.aceac 
and some have been referred to other fanuhes. The family as 
described above is therefore restricted. 

FamUyV. GUTTIFERAE 

Flowers bisexual or unisexual, regular, hypogynous, with 
considerable variety in number and arrangement of theparb 
There are generally two to six free sepals and an equal numb 
of free petals. Stamens generally numerous, often more or less 
united Ovary 2- to many-, generally 3- to 5 -elled ovules 
1 to indefinite in each cell, amphitropous or anatropous, 
stigmas as many as the cells, generally sessile and radiating 
Fruit various, fleshy and indehiscent or capsular, bteds 
generally large, completely filled by the straight embryo 
Trees or shrubs, rarely herbs, containing resm or ml m 
schizogenous spaces or canals. Leaves simp c , < n u e, 
or sometimes whorled, generally exst.pulate. Flowers in 
cymose inflorescences or solitary; often s io\\v. 

Genera 45; species about 900. 

The plants are shrubs, sometimes Hanes, or especially trees 
evergreen, and inhabiting chiefly tropical areas witl hig 
rainfall. The genus Hypericum alone is more strong y 
outside the tropics and includes all stages from perennal he rbs 
with a persistent rhizome to undershrubs and shrubs. In 
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the primary forests of tropical America species of Clusia are 
epiphytic, with the habit of many epiphytic species of Ficus, 
developing numerous adventitious roots which form a close 
network round the supporting stem, which ultimately 
perishes. 

The flower shews a remarkable diversity in the number and 
arrangement of parts. Bracteoles are often developed close 
beneath the calyx so that it is impossible to determine where 
the calyx begins and in many cases there is no sharp distinc- 



Fig. 110. J tammea americana. A. Shoot bearing bisexual flower, $ nat. size- 
B. Male flower, x 2. C. Pistil cut vertically. D. Drupe cut across shewing 
the two stones, in one of which the endocarp has been cut away exposing 
the seed with its two large fleshy cotyledons, A nat. size. (A, C after Engler; 
B after Flor. Brasil.) (From Flor . Jam.) 

tion between the sepals and petals. A cruciform arrangement 
occurs in Havetiopsis (Amazon district), where two pairs of 
sepals are followed by two pairs of petals and two pairs of 
stamens, the pistil forming a whorl of four carpels. In other 
genera a dimerous calyx and corolla are succeeded by two 
or three whorls of stamens and a whorl of carpels, or by 
numerous spirally arranged stamens. In other cases (e.g. 
species of Clusia) the cruciform arrangement characterises 
bracteoles and calyx, while petals and stamens are arranged 
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spirally,or sepals,petals and stamens are all spirally arranged. In 
some cases, as in Mammea (fig. 116) the flowers are polygamous. 

There is also great diversity in the androecium; the stamens 
are free or shew various degrees of union of the filaments, 
rarely forming a cup, more frequently a lobed synandnum, 
or arranged, as in Hypericum , in four or five bundles 
staminodes also occur variously united or converted in 
secretory organs. The carpels are equal in number with the 
petals, or fewer, or twice or thrice as many ; they are united 
into a single whorl. The styles are free or partly united, some 
times very short; the stigmas are generally broad. The ovu es 
have two thick integuments, are either amphitropous or 
anatropous, and are attached by a short funicle to the ventral 
wall of the carpel or in multilocular ovaries to the inner angle 
in CalophyUum, Mammea (fig. 116) and allies they are basal 
Entomophily is suggested by the showy and usua y 
numerous flowers, but nectar-secreting organs are generall} 


The fruit is generally a capsule opening septicidally or 
septifragally; after dehiscence the central column persist, 
bearing the septa, with the seeds in the central angles. I 
Oarcinia and allied genera it is a fleshy berry, in CalophyUum 
and Mammea a drupe containing one or several .eeds 

The seed is often more or less enveloped by an anl " ll ‘ 
grows either from the funicle or micropyle Cons £ er ^ 
diversity occurs in the development of the em r 3°- n * 
cases (eg. Hypericum and allied genera, andCak/^H ^ 
Mammea and others) the cotyledons arc well-developed but 
more frequently they are small or scarcely d.fferent.a ed^ 
while the hypocotyl is thick and large, as in Clusia, Gamma 

and many others. . 

The family is represented in Britain by the genus 
(St John’s Wort) (fig. 117), perennial herbaceous or shr \ P ^ 
the leaves of which are often dotted with rans uc . in 

The yellow regular hypogynous flowers are bisex ua followed 

cymose, often dichasial, inflorescences. The fivesep , 

by five petals. The numerous stamens are arranged in thr^ (as 
in H. Arulrosaemum, Tutsan) or five (as in moat I nti> 
bundles, in the latter case opposite the petals, a " taken by 

is sometimes present opposite the sepals or i s P . vnime try of 
five hypogynous glands, thus restoring the regular symmetry 


it. II. 
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the flower. There are three or five carpels, in the latter case 
alternating with the stamina! bundles. The ovary is one-celled 
with three or five projecting parietal placentas, becoming three- 
or five-celled with axile placentas when the septa are completely 
united in the centre. The ovules are numerous. The fruit is a 
septicidal capsule or sometimes a berrj’ as in Tutsan. 

The widely open bright yellow flowers contain no nectar and 
are homogamous. They are visited by nectar-seeking insects for 
the sake of their pollen. The long styles radiate outwards between 
the staminal bundles, and if an insect bearing pollen from another 



Kks. 117. Ifi/pericuin. A. Flower of //. calycinum, cut lengthwise. B. Fruit of 
//. triflorum, showing the three placentas with a few seeds still attached to 
the rvvolute edges. Transverse sectional plan of same indicating method 
of dehiscence. I). Seed of //. Androsa+mum. E, F. Floral diagrams of 
11. quudrmitjulinn and 11. Androsaemum. B, 0, D enlarged. (A after 
Baillon ; rest after Keller.) 

flower comes lirst in contact with the stigmas cross-pollination is 
favoured ; if, on the other hand, with the dehiscing anthers, pollen 
w ill be rubbed on to the stigma of the same flower. As the flower 
fades petals and stamens close up towards the centre and anthers 
and stigmas become closely interlocked so that, cross-pollination 
failing, self-pollination is ensured. 

Hypericum contains about 300 species, distributed through 
temperate regions and on the mountains in the warmer parts of 
t he cart h. Some of the species have a wide range, such for instance 
as //. humifusum from Europe to further India and South Africa, 
II. hirsulnrn from Europe to Siberia and H. japonicum from Japan 
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to New Zealand and Australia. Other species have a wide distnbu- 
tion in North or South America. It is suggested that a factor 
in this wide distribution may be the carnage of the small seeds, 
which are produced in large numbers, on the feet of birds. 

The other genera are mainly tropical and restricted either 
the Old or Now World, though a few occur in both hemisphere^ 
Such are Vismia, with a few species in west tropical Africa an 
^larger number in tropical America, and Calaphyllum with 

tree from Africa through the East Indies to Polynesia 
tropics Africa is thcpoorestni -P-n tativ ? 

World^chilflyTn tropical Asia and Polynesia; G. MangosU ma is 
the Mangosteen, a widely cultivated fn.it inthe tropics, ,h ^ 
portion is 'the fleshy anl enveloping the seeds, cius , 

^^hTfainily^is 5 of ^considerable economic importance. The wood 

seeds of Calophyllum Inophyllum, Garanm . nrf co and oi^her>. 
thick sap of Pentodesma buLjraceum, the West African 

tree,” is used as butter. 





A , T>; er rei B Fruit of Shorra robuitta enveloped 

Flu. 118. Floral diagram of ’ ; • p^tudinal Bection of flower, 

in the persistent calyx, about *^ crro; C after Brand.s.) 
the petals cut off above, x 0. (A alter icrrc. 

Family VI. DIPTEROCARPACEAE 
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They have alternate entire leathery stipulate leaves and axillary 
panicles of regular bisexual pentamerous flowers, with often an 
increase (5, 10, 15 or oo ) in the number of the generally free 
stamens; the three carpels form a trilocular ovary with a pair of 
pendulous anatropous ovules in the central angle in each chamber. 
The fruit is a one-seeded nut enclosed in the persistent calyx, 
two or more of the segments of which may grow out to form wings 
which aid in distribution. The embryo fills the seed. (Fig. 118.) 

They resemble Guttiferae in containing resin ; species of Shorea 
yield Dammar-resin; Dryobalayiops aromalica is the source of 
Borneo Camphor which forms yellow prisms between the elements 
of the wood. Many species are valuable timber-trees, such as 
Shorea robusta, the Sal tree of India. 


Order 7. MALVALES 
(Columniferae of Eichler) 

Flowers bisexual, regular, hypogynous, cyclic, pentamerous 
with a frequent increase in the number of members of the 
androecium and gynoecium. Sepals valvate in the bud; free 
or united. Petals free, aestivation various, often twisted. 
Stamens in two whorls, the members of the outer ante- 
sepalous whorl often absent or reduced to staminodes, of 
the inner generally multiplied and monadelphous, the united 
filaments forming a long column (hence Columniferae) round 
the pistil; or polyadelphous. Number of carpels very various, 
uniting to form a multilocular ovary, each with l-°° anatro¬ 
pous ovules with two integuments. Brunnthaler has demon¬ 
strated an endotropic course of the pollen-tube in a number 
of genera. 

Herbs, shrubs or trees, with alternate simple stipulate 
leaves. Stellate hairs are very frequent on young parts and 
mueilago-snos or -canals in the tissue of the cortex and pith. 

The several families are closely allied, and it is very 
difficult or impossible to separate them by any single 
character. Different authors take different views as to their 
number. Thus Schumann in the Pflanzenfamilien recognised 
live, as also does Wettstein, and more recently Warming, 
Bontham and Hooker in the Genera Plantarum, three, and 
Baillon only two. 
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The Malvales are allied to the Guttiferales b -V the * r 
hypogynous flowers with pentamerous calyx and corolla, and 
especially by the androeciura, which in both orders shews a 
marked tendency to union of parts. On the other hand.^a 
marked affinity with Euphorbiaceae is suggested } 
"t occurrence of branched nmlticel ular ha^ and 
especially by the structure of the ovary which often separate, 

rrSnto one-seeded parts, an endotropw course of 

the pollen-tube has also been demonstrated in both groups. 

Family I. TILIACEAE 

Tiliaceae contains about 400 species in 41 th * 

greater number of which are confined to the tropics. The most 
fmpttant extratropical genus is TiUa (Lim-tree or Linden) 
with about ten species in the northern portionso both he 
i T| jc represented in our own flora b\ I 

and T. P UUy P Hy,los. The plants are 

generally trees or shrubs with alternate, entire dentate 

or lobed leaves and stipules. which often, as >" ™ , 
merely to protect the leaves in the bud and fall as the lat 

“ e fo,d y s. Mucilage-cells occur in 

regular ^ ^ followed by 

rhc ovuls is also varied, and may be both ascending and 
pendulous in the same chamber. The fruit is ^ 

celled and dehiscent or indehiscent. Tiha has 
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ovary with two ovules in each cell. As it ripens to fruit one 
seed only develops, and four cells remain small and are 
crushed to one side; the ripe fruit is a globose indehiscent 
nutlet with one, rarely two, seeds. The embryo is surrounded 
by a fleshy endosperm, and has generally large leaf-like 
cotyledons, often, as in Tilia , more or less deeply lobed. 

The flowers of Tilia are proterandrous, and pollination is 
effected by the visits of insects, especially bees and flies, 



Pus. 1 Ml. A-E. Tilia. A. Scheme of flower-bearing shoot. B. Diagram of same, 
with subtending leaf, l; st 9 position of fallen stipules; a, 6, first and second 
leaves of axillary shoot, subtending respectively inflorescence and leaf-bud; 
f. terminal flower: c, </. bracteoles, d and e each subtending a branch 
to the lower part of which they adhere. C. Flower in vertical section, x 3. 
I). Fruit cut across shewing the four suppressed carpels and the seed 
containing the embryo embedded in endosperm, enlarged. E. Embryo 
flattened out, enlarged. F. Fruit of Cor chorus cajMularis. nat. size. (A, B 
after Eichler; C after Warming; D after Wcttstein; F after K. Schumann.) 


which art* attracted by the strong scent. Nectar is secreted 
in spoon-like glands at the base of the sepals. Distribution of 
the seed in this genus is facilitated by the membranous wing- 
like bract, which, when the fruit is ripe, becomes detached, 
hearing with it the inflorescence. It will be noticed that 
between the latter and the main stem is a leaf-bud (fig. 119, A). 
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The foliage-leaf apparently subtends both a flowering shoot 
and a vegetative bud. The explanation is as follows (see 

fig 119 A B). The inflorescence is a shoot borne in the axil 

of the subtending foliage-leaf (l). Its first leaf <o) is the mem¬ 
branous bract, to the midrib of which its axis adheres for 
some distance. Its second leaf (6) subtends a leaf-bud, is 
scale-like, and remains situated with its bud at the base of 
the inflorescence. The latter is dichasial, termmating m a 
flower (f) and bearing a younger lateral flower on each side 
these secondary axes may again branch, so that the sho 

becomes three- to seven-flowered. , • 

In the other genera the fruit is generally dry forming a 

loculicidal capsule (as in Cord,or (fig. U9, F) and 
Sparmannia , familiar in the South African species &. 
a favourite greenhouse plant), or sometimes separating into 
winged cocci. In Grewia it is indehiscent and drupaceous. 
Development of spines on the capsule °r coccn as m 
Triumfeita, Sparmannia and others, favours d.stnbui on bj 
animals. In Apeiba (tropical America) the septa ‘he m. y 
carpelled fruit form a pulp in which the seeds are embedded, 

the fruit opens above by teeth or by a pore 

Carchorus capstans and C. olitorm-s, natives of India are 
widely cultivated in the tropics for their tenacious bast 
fibres which yield jute. The bast of the Lime is the popular 

“bast” of the gardener. 

Family II. MALVACEAE 

Stamens generally indefinite and monadelphous; anthers 
one-ceUed ; pollen-grains large and spmy (echmulate). Leave 

simple, palminerved. 

Genera about 50; species about 1000. 

The cotyledons are epigeal, spreading to the light anc 
forming the first pair of green leaves. T ey are o e 
or reniform with an entire margin and when as often h PP • • 
the leaves of the adult plant are palmately divided, * h °.; 
succeeding the cotyledons shew a gradua passage 
simple to the lobed form. Our native species arc annua . 
biennial or perennial herbs often, as in Tree-mallow (Laiate ), 
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growing very tall. In the warmer parts of the earth they are 
often shrubby or form large trees. The leaves are alternate, and 
often more or less palmately divided; it frequently happens 
that the lower leaves of a shoot are more or less rounded and 
entire, while the upper are palmately divided. Stipules are 
present but as a rule fall early. 

The leaves and young shoots often bear stellate hairs; 
mucilage-sacs occur in the tissues, either singly or in rows. 

The form of the inflorescence varies. The generally showy 
flowers are often solitary in the leaf-axils, the leaves being 
large and foliaceous. Or the latter may be small and bractei- 



^ IQ * t>“V’i ^ D- J/o/ra eylvetlrfs. A. Flower in vertical section, slightly reduced. 
B. Flower after removal of calyx and corolla, x 2i. C. Fruit, x 2. D. A schizo- 
earp with seed in vertical section, x 4; note the folded cotyledons. E. Fruit 
of Malope malacoides surrounded by persistent calyx and epicalyx (e). 
K Single achizocarp of same, x 3. (A-D after BaiUon; E, F after Gurke.) 

form, and the inflorescence a raceme; or more complicated 
arrangements occur. In most of the genera an epicalyx is 
present, formed by a whorl of bracteoles just beneath the 
calyx and serving, like the latter, which it resembles in colour 
and texture, to protect the more delicate floral organs in the 
bud. I he character of the epicalyx is useful in distinguishing 
genera. Occasionally, as in Abutilon (fig. 121), it isabsent; when 
present the number, cohesion and position of the individual 
biaeteoles afford distinctive characters, as in the case of 
the three British genera. Althaea, Malm, and Lavatera. The 
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position of the median sepal varies according to the number 
of bracteoles. Its usual place in pentamerous dicotyledons is 
posterior; this holds good in those Malvaceae which have no 
epicalyx, and where, as in Hibiscus, the epicalyx consists of 
numerous bracteoles. Where, however, the latter are few, 

the odd sepal is anterior. 

The petals, which are often large, forming a showy corolla, 
are twisted in the bud, and are more or less asymmetrical a 
character which is generally correlated with twisted “f£ 
tion They are free to the base, where they are attached t 
the staminal tube, and fall with the tube when the flower 
withers. The fertile stamens are generally very nmnerous 
and are considered to have arisen by the muUiplication 
five epipetalous members. This view is supported by the 
study of the development of the flower and also by the fact 
thatm the two species in which only five stamens have been 
observed these Le opposite the petals. The stam,nodes 
which are represented by teeth on the summit of the staminal 
tube, represent an episepalous whorl. The remform, ■ one- 
celled anthers open by a slit which runs across the» topand 
divides the anther into two valves; they are turned outu■ ards 
at the time of dehiscence. The pollen-grains are Urge, 
spherical and covered with spines, and. together with the 
method of dehiscence of the anthers, afford the best diagnostic 

character of the family. , W t. n 

The number of the carpels varies from one to man) . W h 

there are five thev are epipetalous as in Abutilon or ep 
sepalous as in Hibiscus and Side In PurOTim both arrang - 
ments occur in different species. In the three British genera 
and in many others, the carpels are numerous and form 
whorl round the summit of the axis in the centre of the flower 
the styles rising from the centre as a single united axis 
dividing above into a corresponding number of stigma 
bearing branches. In the small tribe Malopme <«8- 
(Malope irifida, a Mediterranean species, is a well-known 
garden plant) the numerous carpels are arranged one abov 

another in more or less vertical rows. 

One or more anatropous ovules arc attached to the inner 
angle of the carpel. Their position varies; they are general y 
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ascending, but may be pendulous or horizontal. In AbutHon 
and other genera the position varies in one and the same cell. 

The flowers are proterandrous. When the flower opens 
the anthers occupy the centre and the unripe stigmas are 
hidden inside the staminal tube. After dehiscence of the 
anthers the filaments bend backwards and finally the 
matured stigmas spread out and occupy the same position 
in the centre of the flower. 



Fuj. 121. A-C. Almlilon crisputn. A. Leaf and flower seen from behind; note 
absence of epicalyx; slightly enlarged. B. Flower in vertical section after 
removal of calyx and corolla, enlarged. C. Fruit, slightly enlarged. D. Fruit 
of Paroniu spin if ex, cut open to shew seed, x 3. 


Pollination is effected by insects which come for nectar secreted 
in five pits, one of which occurs by the side of the base of each petal. 
The nectar is protected from rain by hairs on the lower margins of 
the petals. Self-pollination has been observed in small-flowered 
forms, such as Malm rolundifolia , the style-arms twisting so as 
to bring the xtigmatie surfaces into contact with the anthers. 
Writing of Mdlrn sylvestris and M. rotundifolia (both British 
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SDecies) H Muller says: "These species often occur together and 
floweTside by side fo/months a, a time. In the 

ence M. rotundifolia has the advantage m l>e.ng content udj, 

earlier 1 and tn'ThTpossibihU- ofTegulIr self-fertilisation^ 

M. sylvestris, on the other hand, in its “^nufe^in "o 
much greater attractions for insects. In , cnecies 

balancf one another, for. about Lippstadt ^^ger brig^" 
grow together in equal abundance. In the la b 

flowered plant, which receives very numerous visds the ends o 

the filaments curl outwards 

occur in Pai'onia and Mahastrum. 

The fruits are mostly dry (Malvaviscu, has beme.t an 
their method of dehiscence also affords good tbagnostic 

characters. In the Mallow tribe-Mulreue d 

Althaea Abutilon and Sida)— they are generally one seecte 

indehiseent schizocarps (fig. 120 C, D) sep-tmg from the 
persistent central column and from one ano h n so 
genera the carpel and fruit are two- to many--seed A 

Abutilon (fig. 121, C), and in some cases two-celled by the 

formation of a horizontal septum, e “ “ . which 

lengthwise into a pair of valves, n (Cotton-plant) 

includes Hibiscus (fig. 123. B) and Gossyp.u m (Cot on pla 

/c~ 122 D1 the fruit is a capsule dehiscing 

on their outer wall as in Pavoma ( g- » ’ see( j an 

distribution is favoured by a hairy cover g; ^ seeds 

extreme case of which is seen in t e ° ? . ’ see d 

of which are buried in a mass of long tangled hai». 1 
generally contains an embryo with large much folded cot> 

ledons and a scanty supply of endosperm. 

The species, which are very unequally distributed ™ong the 

genera, occur in all regions except very co ° ’ Malva 

of species increases as we approach 1 , f 

rotundifolia is the most northern occurnng at a latitude 
65° in Russia and Sweden, while spec.es of Ilohena 
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I'k;. 12-. (io$>sy/mini btirbadttise. A. Flower about to open* x§; t, involucre of 
bracts. B. Flower with culvx and corolla cut away, shewing staminal tube 
enclosing pistil, x 5 . C. Pistil with ovary cut lengthwise, nat. size. D. Cap¬ 
sule open. shewing mass of cotton, x 5 / E. Seed with cotton attached, x f. 
F. Seed cut lengthwise, shewing twisted embryo, x 14. (From Flor . Jam.) 
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Plagianthus reach as far as 45° south latitude in New Zealand. 
On the South American Andes, Malvaceae reach a consider¬ 
able altitude, with a dwarf alpine habit—a thick root, and 
a crowded tuft of radical leaves from amongst which spring 
large showy short-stalked flowers 1 . 

Hibiscus , the largest genus, with 200 species, is widely distri¬ 
buted, chiefly in the tropics; two species, H.Trionum and H. we»w, 
occur in Europe. H. Rosa-sinensis is the scarlet Hibiscus generally 
cultivated as a garden flower throughout the tropics and often 



Fio. 123. Hibiscus pilosu, A. Flower in 

C. Seed, x 2|. A and B slightly enlarged. (From Hor. Jam.) 

found in greenhouses in temperate regions. Abutilon has about 
100 species chiefly in the tropics of both hemispheres. 

(20 species) is principally Mediterranean , L. arborea l • ' 

a maritime plant, occurs on the coasts of Europe including Great 
Britain south of the Clyde; two species are found ir. the 
and one in Australia. Althaea has about 15 spec^ m the temperate 
and warm regions of the whole world (two are British), A. j-twea, the 
Hollyhock, is an eastern Mediterranean species. Malm has about 
30 species in tomperate Europe (three in Britain), Asia, 

Africa and North America. 

1 See Hill. A. W. “The Acaulescent Species of Malvaslrum. Journ. inn. 
Soc. (Botany), xxxix, 210 (1909). 
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Many genera are largely or exclusively American, Howittia (one 
species) and Plagianthus (10 species) are confined to Australasia, 
Hoheria (four species) is endemic in New Zealand, Lagunaria 
(one species) in Norfolk and Howe Islands and East Australia, 
while Jvloslylis is a monotypic genus in Ceylon. Many forms of 
Gossypium are cultivated as sources of cotton throughout the 
tropics; G. barbadense (Sea-island Cotton), G. peruvianum (South 
American Cotton), and G. hirsutum (Short Staple Cotton) are 
natives of tropical America; G. herbaceum is a native of the East 
Indies and G. arboreum (Tree Cotton) of tropical Africa. 


Family III. BOMBACACEAE 

An exclusively tropical family, especially American, containing 
140 species in 22 genera, closely allied to Malvaceae but differing 
in the following points. The anthers contain one, two or some¬ 
times more cells, and the pollen-grains are generally smooth, never 
spiny; staminodes are often present. The ovary is formed from 
two to five carpels (when five are present they stand opposite the 
petals), with two to numerous erect, anatropous ovules. The 
smooth seeds are sometimes embedded in a pith-like tissue or in 
“wool” which is formed by an outgrowth from the pericarp-wall, 
sometimes they have an aril; endosperm is absent or forms a very 
thin layer. 

The plants are trees, generally tall and with often very thick 
trunks as in the Cotton-tree, Ceiba (Eriodendron ) pentandra 
(tropics of Old and New Worlds), or the Baobab, Adansonia digitata, 
of tropical Africa, the stem of which reaches an enormous thick¬ 
ness, but the wood is very light and soft. The leaves are entire 
or digitate (Baobab), with stipules which soon fall; hairs when 
present are stellate or form stalked scales. 

The principal genera are Adansonia (10 species, tropical Africa, 
Australia), Bomba. r (50 species, mainly American), Ceiba ( Erio - 
(lendton) (ten species mainly American) and Durio (15 species in 
the Indo-Malayan region); D. zibelhinus is the Durian, the fruit 
of. which has a delicate flavour associated with an unpleasant 
smell. 


Family IV. STERCULIACEAE 

An almost exclusively tropical family in both hemispheres con¬ 
taining about 700 species in 58 genera. The plants are trees 
(sometimes cauliflorous, fig. 124 A), shrubs or herbs, sometimes 
liancs, with simple, entire, more rarely lobed or digitate, alternate 
leaves with generally short-lived stipules. The flowers, which 
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are borne in complicated inflorescences, are generally bUexua! 
but sometimes unisexual by abortion, as m Slerailta Cota. 
Thev are regular or sometimes zygomorphic, and pentamerous. 
The^petals are often reduced in size and sometimes wanting as 







Fig. uJr^nacto. A F„ rt a B Flowc, 

(CMJ after Bentley and Tninen.) 

in Sterculia and Cola. The stamens are typmallym^vo 
whorls; those of the outer whorl (antesepalous) are summedud 
or wanting, those of the inner (ante,»talous) are fertile^ the 

filaments are more or less united to form a u > sometimes 
two-celled. The generally five-chambered ovary is sometimes 
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carried up along with the stamens above the petals by develop¬ 
ment of an intemode (androgynophore); the carpels are generally 
antepetalous and contain two to numerous anatropous ovules 
with an outwardly directed micropyle in each chamber. The fruit 
is generally dry, often separating into cocci. The seed contains a 
fleshy endosperm and an embryo with flat, folded or rolled leaf-like 
cotyledons. 

Theobroma Cacao, the Cocoa tree, a native of tropical America, 
is now widely cultivated in the tropics. It bears large reddish- 
yellow fleshy fruits; in each of the five chambers is a double row 
of almond-like seeds containing an embryo with a pair of very 
large folded oily cotyledons. The last are the source of chocolate 
and cocoa. Another useful plant is Cola acuminata (Cola-nut), a 
native of western tropical Africa, the seeds of which yield the 
alkaloids Them and Theobromin. 


Order 8. TRICOCCAE 

This order comprises families with unisexual, rarely bi¬ 
sexual, hypogynous flowers, which are generally regular with 
a single whorl of free perianth-leaves, sometimes naked. The 
stamens are generally equal in number to and opposite the 
perianth-leaves, and pollination is generally anemophilous. 
Growth of the pollen-tube is often endotropic. The most 
constant floral character is the pistil of three carpels forming 
a trilocular ovary, each chamber containing in the inner angle 
one or two pendulous anatropous ovules with a ventral (rarely 
dorsal) raphe. The great majority of plants belonging to this 
order are included in the large family Euphorbiaceae. 

Family I. EUPHORBIACEAE 

Flowers monoecious or dioecious, sometimes much reduced 
by abortion, regular or slightly irregular. Calyx and corolla 
both present, or the latter or both absent. Male flower: 
stamens as many as the perianth-leaves, or double as many, 
or very numerous or few or one (in Euphorbia the whole 
flower consists of a single naked stamen); filaments free or 
united, anthers two-celled; rudiment of ovary present or 
absent. Female flower: staminodes present or absent; 
ovary generally three-celled, sometimes two- or four-celled; 
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ovules one or two in each chamber, collateral, pendulous, 
anatropous, with a ventral raphe; the micropyle carunculatc. 
Fruit generally a capsule splitting into three cocci which 
separate from" a persistent central column. Seeds with 
abundant endosperm and a large central straight or bent 

^ThThabit shews great variety including small annual 

herbs and trees. The inflorescence is usuaUy compound, and 

in its ultimate ramifications cymose. 

A large family, containing more than 220 genera with about 

4000 species, chiefly tropical. 

Our British representatives, species of Euphorbia (Spurge) 
and Mercurialis, are herbs, but the greater number are woody 
plants and often trees. Even in the same genus, however h e 
utmost diversity occurs. For example, several of our native 
Spurges are small annual herbs, other species of h uphorbta form 
erect sturdy bushy plants several yards high, while mthedesert 
regions of tropical Africa and elsewhere species occur tvith a 
Cactus-like habit, the stem thick and fleshy and the oaves 
reduced to spines. In Australia and at the Ca P« a S "“s 
heath-like habit is common. Many species o J 

tributed tropical genus Trarjia are climbers -P*«^<m 
tains, besides annual herbs, also trees, w hi c m 
forming the section Xylophylta have their ultimate branch,,, 
leaf-like (phylloclades), the leaves being reduced to teales. 

The form and position of the leaves are equally ™ r ‘ ed Qr ™ 
leaves are generally alternate but may be opposi ... • ’ 

in many cases upper branches bear opposite eaves while ni 

the rest of the plant a scattered arrangement J 

are simple and entire or deeply cut (as in Ricinus, C 
plant) or even palmately-compound. The venation is pinnate 

or palmate. r««»»»nrnllv 

The inflorescence shews considerable varia ion. . 

the first branchings are racemose, the later cymose. 

partial inflorescences are closely crowded cymes arrange ^ 

spikes, or standing in the axils of the upper eaves. ‘ ' 

generally unisexual, the male frequently containing numerou. 

flowers, while the female flowers are solitary. The partial 


R. II. 
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inflorescence or cyathium of the Euphorbieae has a superficial 
resemblance to a bisexual flower (fig. 125). It is a cyme the 
terminal flower of which is female and naked; below the latter 
are four or five bracts which are connate and form a calyx¬ 
like involucre. In the axil of each bract is a scorpioid cyme 



Fii:. 125. Euphorbia hyprricifolia. A. Part of Howering branch, x j. B. Cyathium. 
x 16; <j, glands of involucre. C. Cyathium cut open, x 24. 1). Stamen, x 100. 
E. Capsule, one coccus separated, x 10. F. Columella of capsule, x 15. 
G. Coccus with seed, x 12. H. Seed viewed from the end. I. Seed cut 
lengthwise shewing embryo. ,). Diagram of partial inflorescence of E. Peplis 
shewing details of three eynthin. (.J after Kichler.) (From Flor. Jam.) 

of male flowers each consisting of a single stamen. Between 
the segments of the involucre arc large, frequently oval or 
crescent-shaped, glands. In Euphorbia the glands are always 
free, in the African genus Synadenium they are united into 
a ring. The glands are often brightly coloured, and in some 
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{: on of an upper portion, the stamen, from a lower, 

pedicel; the external appearance of the two 
frequently different, for instance, owing to prese 

absence of hairs. 








is r- . 

Fio. 126. A. Male flower oli AnrtMlnM- ^ 6,"bract. 0 ' Si' STnvor o! 

ss tJSZ-c.**" Z «-*“" d “ ; 

E alter Baillon.) 

The flowers in the family*T[fLwefia^^wWe-spre^d 
gynous; pengyny is rare te.g. 

tropical Old World genus). Thus w' te / am /i«, a 

The form of the “ ^^2 has pentamerous 
monotypic genus from > forining calyx and corolla re- 

flowers; the two outer ’ b \ regu larly alternating 

spectively, are followed female bv five antepetalous 

2^ the carpels are represented by 

five rudimentary structures. 17 _ 2 
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In the large tropical genus Croton (nearly 700 species) a 
pentamerous calyx and corolla are generally present, but the 



Fin. 127. Maui hot utilissima. A. Lower part of stem shewing young shoot and 
tubers, much reduced. B. Leaf, nat. size. C. Portion of inflorescence, x 
1). Male flower cut lengthwise, x o. E. Female flower cut lengthwise, x 2. 
F. One car|>el of the rijx* fruit shewing the seed, nat. size. G. Seed, nat. 
size. (C—G after Tussac.) (From Flor . Jam.) 

latter may be inconspicuous or absent in the female flower. 
The stamens are often very numerous, some species having 
80-100. With very few exceptions there are three carpels. 
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The two perianth-whorls are isomerous, and though they are 
very frequently pentamerous, other numbers, such as three,or 

more rarely four, occur. 



Flo. 128. Ricinua communis A. Upper P ®^,°J£ '‘" ‘ her< x 10. E. Female 

opened male flower, x 2. JOvary cut lengthwise shewing ovules 

flower, x 2. F. Ovary eut aeroas x ^G. Otary c open . nat . 8 ,zo. 

with obturator x 1U. U ^ c>m|)ryo> x (Partly after Ba.llon 

and ^Bentley and Triinen.) (From Flor. Jam.) 

A great many genera are 

a large tropical American gen . ( P f i ur gc 

M. utilissima (Manioc or Cassava), the calyx is often fe 
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and petaloid. Our native Dog’s Mercury ( Mercurialis) has 
minute flowers with three sepals, followed in the male by 
8 -20 stamens, in the female by a bicarpellary pistil (fig. 126, 
0, D). The greatest amount of reduction occurs in Euphorbia , 
where, as already mentioned, the male consists of a single 
stamen, the female of a tricarpellary ovary. 

The aestivation of the calyx, whether imbricate or valvate, 
supplies useful characters for the subdivisions of the family. 
When present the corolla is generally polypetalous, rarely 
gamopetalous. 

The stamens are free or more or less monadelphous, 
especially below. In Bicinus (Castor-oil plant) and allied 
genera the androeeium forms a branching tree-like structure, 
with the anther-cells borne on short ultimate branchlets 
(fig. 128). In Phyllanthus cyclanthera (fig. 126, E) not only 
are the filaments united but also the anthers, the latter 
forming a closed ring, as in Cyclanthera, a genus of Cucur- 
bitaceae. The divisions between the two chambers of each 
half-anther are generally absorbed so that the anther is two- 
celled. The ovary, in conformity with the number of the 
carpels, is generally trilocular. The three styles may be 
simple, sometimes even large and petaloid, but are generally 
more or less bipartite; they are free or more or less united. 
Mercurialis , as already indicated, has only two carpels. The 
ovules are generally provided with a caruncle or obturator 
which persists in the seed. It is an outgrowth from the 
placenta at the base of the funicle, which covers the micropyle 
like a lid or hood and plays an important part in the con¬ 
duction of the pollen-tube 1 . Where there are two ovules in 
a chamber, each may have a caruncle or one may cover both. 

Outgrowths of the floral axis, forming a disc, are common; 
in the female generally in the form of a ring or cup round the 
ovary, in the male generally as free or united extrastaminal, 
rarely intrastaminal, glands. 

Owing to the complete separation of the sexes, cross¬ 
pollination is necessary. Mercurialis and others with long 
thread-like styles are anemophilous; but in many cases insects 

1 See Schweiger, J. “Bcitnige zur Kenntnis dor Samenentwicklung der 
Euphorbiaceen.” Flora, xciv, 339 (1905). 
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are the pollinating agents. The brightly-coloured glands or 
bracts such as occur in many Euphorbias (e.g. E.pulchemma, 
the Poinsettia of greenhouses), Dalechampia and others, t e 
petaloid calyx of Manihot , or even the petaloid disc-segments 
as in the Mascarene Peialocliscus , serve as a means of attraction 
while nectar-secretions are frequent, as in the involucral 

glands of Euphorbia. t , 

The fruit is generally a capsule, splitting into three cocci 

(figs. 125 127, 128) which separate from a central column ana 

split lengt hwise into two valves. Berries and drupes also occur 

The Mancinil (Hippomane mnncindla) of Central America an 

the West Indies, a tree with a very poisonous latex, has a 

several-seeded drupe (fig. 126, G); and Bischofia, another 

monotypic genus, widely distributed through tropical Asia 

and the Pacific islands, has a fleshy berry. Hum crepitans the 

Sand-box of tropical America, has numerous carpels which 

in the ripe capsule, separate with great violence into as man' 

woody cocci. The caruncle on the seed has been shewn 

species of Mercurials and Euphorbia to function as an elaio- 

some (oU-body) attracting ants which aid in d.sseminatiom 

The cotyledons lie flat in the endosperm, as in the Casto 

oil seed, or are bent or folded. The relative breadth of the 

cotyledon affords a character for distinguishing the t o 

primary subdivisions of the family, viz. Plalylobeae with 

cotyledons much broader than the radicle (by far the larger 

division) and Stenolabeae with narrow cotyledons about as 

broad as the radicle. , . i- 

Alchornea ( Codebogyne) ilicifolia, a native of Austraha^ s 

of interest as one of the few instances of the a ventitiou. 

production of embryos from ceUs of the nuce11 "*' P .° V 
embryony, or the presence of more than one embryo in a 

seed, is a frequent result. ,, . . 

With the exception of the arctic and cold alpine zones 

Euphorbiaceae are distributed over the whole earth. They 

occupy widely different localities. On the one hand are the 

very characteristic desert types, on tie ° er j 

such as Caperonia, which spreads from ra/.i 
America and the West Indies, and is also represented 
tropical Africa. Not a few are tropical forest-trees, while 
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many, such as the Spurges and Dog’s Mercury, are widely 
distributed weeds of cultivation. Others, such as Manioc 
(Mcinihot utilissima) and the Soap-tree ( Sapium sebiferum), 
are now spread by cultivation far beyond their original area. 
Euphorbia (British) is cosmopolitan and contains about 1000 
species, chiefly in subtropical regions, occurring more sparsely 
in tropical and temperate zones. Mercurialis, also British, 
has only seven species, chiefly Mediterranean; one is found 
in Eastern Asia. 

The chief centre of distribution of the family in the Old 
World is the Indo-Malayan region; in the New World, 
Brazil. The Stenolobeae, characterised by narrow semi- 
cylindrical cotyledons and generally heath-like habit, are, 
with the exception of one genus, Dysopsis , exclusively 
Australian. Dysopsis occurs on the South American Andes 
and in Juan Fernandez. 

Many of the species are poisonous: some, as the South African 
Toxicodendron , are among the most poisonous known plants. Others 
havo been or are still widely used as medicines, for instance the 
Spurges. Castor-oil is obtained from the oily endosperm of 
Bicinus communis, a plant probably native in tropical Africa, 
but now, as a result of cultivation, spread through all the warmer 
parts of the world. Aleurites moluccana and Sapium sebiferum 
are oil- and fat-yielding plants: species of Hevea, Mabea, Manihot 
and Sapium yield caoutchouc, and species of Croton and Euphorbia, 
resin. Manihot utilissima is one of the most important food-plants 
of the tropics, having a thick tuberous root very rich in starch; 
it is the source of Brazilian arrowroot. Species of Codiaeum (the 
Crotons of hot-house cultivation areleaf-varietiesof C. variegatum), 
Phyllantkus, Jatropha ami Euphorbia are widely grown as orna¬ 
mental plants. In the tropics the thorny Euphorbias make excel¬ 
lent living fences. 

The following is an outline of the subdivision of the family 
adopted by Pax in the Pflamenfamilien. 

A. PLAT T LOBEAE. Cotyledons broad. 

Subfamily I. Phyllanthoideae. Two ovules in each ovary- 
chamber. Laticiferous tissue and internal phloem absent. 
(«) Embryo large. 

«. Calyx of malo imbricate. Tribe 1. Phyllantheae. 

Calyx of male valvate. „ 2. Bridelieae. 

(b) Embryo small. ,. 3. Daphniphylfeae. 


EUPHORBIACEAE 

Subfamily II. Crotonoideae. One ovule in each chamber 
Laticiferous tissue present or absent; typical internal 

phloem occasionally present. 

(a) Partial inflorescence not a cyathium. 

a Stamens bent sharply inwards in the bud. Calyx of ma e 
• imbricate or valvate; corolla generally pr^sent^^^ 

ff. Stamens erect in bud. 

1 Calvx of male valvate. Flowers generally apeta ous 
’ Inflorescence race,nose, spicate »'^ 

OT ternunal ' (includes Mercurialis). 

2 Calvx of male valvate or almost imbricate, male 

flowers with or without a corolla. Flowers in a 
(lowers wwu Tribe 3. Jairopheae. 

dichasium. A ' 

3 Calyx of male valvate, more rarely imbricate, lowers 

3 ' always apeta,ous. In si.nple, Z 

racemes. 

4. Calyx o, male imbricate; male Horn. ^coroUa 

5. Calyx of male imbricate. Flowemapetale^ Lati 
ciforous tidies segmented. 

Calvx of male imbricate. Flowers apetalous. Lati 
Sous tubes unsegmented. Tribe 7. Ihppo— 
(6) Partial inflorescence a cyathium. Tribe 8. Eupl,orb,«u. 

B. STENOLOBEAE. Cotyledons narrow. 

Subfamily HI. Porantheeo.deae. Two ovute meachcha bc . 
Subfamily IV. Ric.nocarpo.deae. One ovule in each chamber. 

Family II. BUXACEAE 

Buxaceae is a in”he 

<>0 species, about two-thirds Funhorbiaceac but differs 

genus It was formerly and also 

in the dorsal, not ventral, rap 1 1 n j^ ronn i a | 

in the loculicidal dehiscence of he 6 J p ervirens 

evergreen plants, geneiall> s i S of Kent, Surrey 

(Box) (fig. 129. A-D) grows wild on the cha'k lulls <^ 

(Box-hill), Bucks and G^ucester^It^- ^ ^ through Asia to 

Southern Europe and North A , its loaves have 

the temperate Himalayas, ( h...a and J.fpan 
been found fossil in Tertiary deposits in 1 ranee. 
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The species of Buxus fall into two sections, Eubuxus confined to 
Europe, Asia and Africa and Tricera in the West Indies. 

Of the other genera, Sarcococca (four species) is tropical Asiatic; 
P achy sandra has two species, one in the Alleghany mountains. 



Fid. 121*. A-D. Buxus sempervircns. A. Mole flower, x 6. B. Ovory cut length- 
wise, enlarged. (\ Capsule dehiscing, x 2J. D. Seed cut lengthwise, x 4> 
E-l. Callttriche vcrna. E. Portion of shoot bearing two axillary male flowers. 
F. The same with female flower. G. Diagram of male flower. H. Diagram of 
female flower. I. Vertical section through a young female flower. E. F* 1 
much enlarged. (E, F after Lc Maout and Decaisne; G, H, 1 after Eichler.) 

the other in Japan; Styloceras has three species in the tropical 

regions of the South American Andes; Xotobiurus, one species in 

Central Africa, and one in Natal ; and Simmondxia is a monotypic 

Californian genus. 
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Family IU. CALL1TRICHACEAE 
The family contains a single genus, CalUtriche, with 26 species 

of slender terrestrial or aquatic plants, extremely 

vegetative and floral structure. The stem is thin and delicate 

between a pair of delicate bracteolos (hg. > ' cell becomes 

in C. autumnalis. The ovary is twodobedand c^hcetl tecmnes 

divided by a false partition into two, in each, of i hi n L, umen t. 

anatropous ovule with a ventral raphe and only one in g ^ 
There are a pair of long styles which i some(imes j )orm , i„ 

placed transversely. An accessory si • vegetative 

the leaf-axil beneath the pnncipa shoot, and ™ a > ^ floral 

or floral. When both the principal and accessory 
the upper is usually a male the lower ^ flower As * 
lower flower has generally no bracteoles the u hole has 11 

ance of a single bisexual flower. beneath the 

Pollination may occur abo%e the " ate ^’ bmcr<rc d. 

surface when, as in C. au/wm/ia/is, the P an * Wch are keeled 

C. verna is proterogynous. The lobes ^^^“^'^one-seeded 

or winged at the back, eventua y SC P , the greater 

indehiscent drupels. The genus is distributed over h 

part of the earth. According to Robert 

The affinity of CalUtriche is very doubtfuk AccoM 

Brown, Do Candolle, Hegelmaier, Bentham an , u 

it is with Haloragaceae. Others suggest a * » _ 

Sympetalae, which is doubtfully SU PP°^ . • { ilM jley, Eichler, 

ment of the ovule. The position m > ' Euphorbiaceae 

and Baillon is the one adopted here Affimty t U l the 

is found in the number and position «f tho ovules, jn q 

reduction in the flowers we may coinpa . ® » .* p ax (j n the 

Baillon includes CalUtriche in Euphorbiac ^ 

Pflanzenfamilien) separates it as a ,s . in togument of the 

of the septum in each carpel and the single b 

ovule. __ 

Order 9. OERANIALES 

Flowers bisexual, regular, more rarely y |^tornonous 
gynous, cyclic and pentamerous, with o en o OIIU> times 

androecium. Sepals imbricate in the bud, free 
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united at the base, often persistent. Petals in the bud im¬ 
bricate, sometimes twisted, free. Stamens typically in two 
obdiplostemonous series, sometimes five by abortion of one 
whorl, sometimes more numerous, free, or filaments united 
at the base into a ring or tube. Carpels, often reduced 
to three, united to form an ovary with as many chambers. 
Ovules one, two or more in the inner angle of each chamber, 
pendulous and anatropous with the micropyle directed out¬ 
wards, with two integuments. Endosperm present or absent. 

Generally herbaceous plants, sometimes woody, or lianes, 
with generally simple alternate, sometimes opposite leaves; 
stipules present or absent. 

A well-marked order, allied to the Malvales, from which 
it is distinguished by the typically obdiplostemonous 
androecium and the prevalence of herbaceous forms. The 
flowers are typically regular, but zygomorphy, generally 
median, occurs in derived forms, sometimes characterising 
the family, as in Tropaeolaceae and Balsaminaceae, and 
attaining its highest development in Malpighiaceae where 
the flower is obliquely zygomorphic. 


Family I. GERAN1ACEAE 


Flowers regular or slightly zj’gomorphic, androecium typi¬ 
cally obdiplostemonous, the antepetalous whorl sometimes 
staminodial, rarely 15 stamens. Ovary generally five-celled 
with one or two ovules in each chamber, the micropyle 
directed outwards and upwards. Fruit a capsule, or separating 
into five one-seeded beaked portions. Embryo straight or 
curved, completely filling the seed, or with a thin layer of 
endosperm. 

Herbs, or woody below, with alternate or opposite, usually 
palminerved, stipulate leaves. 

About 050 species in 11 genera widely distributed through¬ 
out the temperate zones, with comparatively few in the 
tropics and generally at high levels. 


1 he plants are mostly herbs, or become woodj* below, and 
stems and leaves are generally thickly covered with simple 
or glandular hairs. The stems of many of the South African 
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bud and free, except in the small South American genus 
Viviania, and in the monotypic genus Dirachma from Socotra, 
where they are united into a tube with valvate limbs. Alter¬ 
nating with the sepals are five free petals, which also are 
imbricate in the bud. Pelargonium has a zygomorphic flower 
with spur-like tubular hollowing of the floral axis below the 
posterior sepal, and petals differing in size or shape. Indica- 



Hig. 131. A. Pdtirgoniiun undulalum , plant in flower develoocd from the per¬ 
sistent tul>erous stem. B, C. Sarcocaulon Marlothii . B. Stem in flower 
shewing j>ersistont spine-like leaf-stalks. C. Young leaf-bearing shoot. All 
reduced. (A after Andrews; B, C after Englcr.) 

tions of zygomorphy occur also in Erodium. In Geranium the 
androecium is obdiplostemonous (fig. 130, E); the stamens 
of the inner whorl are longer than the outer ones, and at the 
base of each of the former is a nectary. In Erodium the stamens 
of the outer whorl are reduced to scale-like staminodes; 
while in Pelargonium only from two to four are fertile. No 
satisfactory explanation of the obdiplostemony in Ger- 
aniaceae has been given. We can only state the fact that 
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above the whorl of petals there is a break in the regular 
alternation of the members of successive whorls, the stamens 
of the outer whorl being opposite and not alternate with the 
netals The inner stamens and the carpels follow m regular 
order There is no indication of the suppression of a whor 
between the corolla and androecium, and the outer whorl 
stamens originates before the inner so that there is no question 
of subsequent displacement. The five (sometimes fever 
carpels unite to form an ovary with as many chambem aiid 
nass above into a long well-developed style or beak, 
which divides at the top into a corresponding number of 
slender s^mas. In each chamber, attached to the central 
column, are one or two, rarely more, pendulous anatropous 

ovules so arranged that the micropy e is o\\« 

and the raphe turned towards the placenta. When ripe the 

carpels separate along the septa into five 

(cocci), which also break away from the central “'"“"’“j „ 

rolling elastically outwards and upwards (fig. > > 

becoming spirally twisted above the seed-case. In mo 

Geraniums the cocci are open on unce 

escape, often being shot to a considerable distanceby 

suddenness of the elastic up-roUing. In A “'"' ““ 

Pdaraonium each coccus is a closed schizocarp (fig. UO, U), 

Tntr dorsal and planting of the contained seed are 

promoted by the long twisted upper port.on v l ch becom - 

separated from the central column and ^ 

Numerous bristles or hairs on the upper part othe aw 
favour distribution by currents of air, while the > . « 

scopic coiled portion bearing stiff upward 

becoming more or less closely wound withthe^^varymg 

amount of dampness in the air, works the pointed base con 

taining the seed into the ground. ..Hied genera 

In Geranium, Erodium , Pelargonium and t*o-all dg 

the embryo fills the seed and is more or less be , w 1 He 

cotyledons are rolled or folded upon each other In ot 

genera a thin layer of endosperm surrounds the strmght 

curved embryo. The cotyledons are green while still enclosed 

in The larger-flowered species of Oeraniu. are markedly pro- 
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terandrous, the outer stamens, the inner stamens and the stigmas 
maturing successively. Thus in G. praiense each flower passes 
through three well-marked stages. Each whorl of stamens in turn 
ripens, standing up prominently in the centre of the flower and 
shedding the pollen. As the anthers wither the filaments bend 
outwards, and when all the anthers have diverged the stigmas, 
hitherto incapable of pollination, become ripe and expanded. By 
this arrangement self-pollination is prevented. The visits of 
numerous bees, which come for the nectar secreted by the glands 
at the base of the inner stamens, ensure cross-pollination. H. Muller 
refers to it as generally the most conspicuous and abundantly 
visited plant in the meadows where it grows. In the species with 
smaller, less conspicuous and less visited flowers, means are taken 
for rendering possible self-pollination. Thus in G. molle, the flowers 
of which are only $ to \ inch across, the divisions of the stigma 
begin to separate even before the first five stamens have all 
dehisced and owing to the proximity of dehiscing anthers and 
stigmas the chances of self-pollination are great. 

Erodium cicutarium occurs in two forms, the one having regular 
homogamous flowers, the other larger flowers which, like Pelar¬ 
gonium y are zygomorphic from the difference in size between the 
upper two and the lowor three petals; they are also markedly 
proterandrous and adapted for insect-pollination. 

Of the eleven genera among which the species are dis¬ 
tributed, Geranium covers the largest area. Its species 
(2.70 in number) spread over the temperate regions and a 
few occur in the mountains in the tropics; they are mostly 
herbs. Three of our British species, G. syh'aticum, G. pratense 
and G. Robertianum , also extend into the Arctic zone; while, 
in the southern hemisphere, G. patagonicum and G. magel- 
lanicum reach the Antarctic. The majority of our eleven 
native species are confined to Europe, West or North Asia 
and North Africa, G. pyrenaicum, rotund ifolium, Robertianxnn 
and lucidum extend to India, while G. dissectum occurs in 
North America. 

Erodium has (»0 species (three in Britain), most of which 
arc confined to the Mediterranean region and West Asia, but 
some are found in Central and temperate America, at the 
Cape and in West Australia. Pelargonium (250 species), 
distinguished from Geranium by its more or less shrubby 
habit and zygomorphic flower, has its centre in South Africa, 
with a few scattered species in other parts of the Old World. 
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Of the remaining genera, including about 80 species two 
Monsonia (mainly tropical and South Afncan) and Sarcc 
caulon —a small xerophytic genus with thick fleshy stem 
and small leaf -development (fig. 131, B), conhnec 
and South-West Africa— constitute, with Geranium, Erothum 
and pZgonium, the tribe Geranieae. The —g 
nenera (including 44 species) differ from the Geran.eac m 

fou^^bes^iisting^Jished^b^cha^mtemjof ^the^cal^x^whic^is 

—as arwtrt. U : 

American, mainly Andine, and Drachma is a monotyp 
^^“raniumsof gardens are a*P— 

S'-ZTV.Lb—I™" 

P. zonale with P. inquinans. 

Family II. OXALIDACEAE 

The family is represented in Britain by the VVood;Sorrel 
(Oxalis Aceiosella). It differs from Geraniaceae in■ ^ving t 

rscvarzrx'X’' .u - 

“ !S ff“r : sS‘rSt=r=^ 

means of fleshy tubers or bul .. . , . a s ma v 

stalked, often compound, and generally e p • - 

be seen in Wood-sorrel, the leaflets are folded and 
in the bud and in the sleep-position assumed at night. 

PhyUodes occur in some species of Oxalis. 

Considerable variety exists in the re.arive length of the stamen* 
and styles in the genus Oxalis. Hildebrand, who b ^ 
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large number of species, found that twenty were trimorphic, 
having short-, median- and long-styled forms respectively, with 
five stamens at each of the two remaining levels (fig. 132, D), 
fifty-one were dimorpliic, while thirty had only the one form of 
flower. In the last class are O. Acetosella and the two species 
O. corniculata and O. stricia which, though found in England, are 
not generally considered to be indigenous. 

Experiments with several trimorphic species shewed that pro¬ 
ductiveness was greatest after a legitimate cross, that is, by the 



Fie. 132. Oralis. A, B, D. O. corymltosa. A. Portion of inflorescence, x f. 
B. I>eaf, x 3 . D. Stamens, long and short, and styles in median position, 
x (i. C, E—G. O. Acciosella. C. Diagram of flower. E. Ripe fruit, much 
enlarged. F. Seed with aril, much enlarged. G. Seed cut lengthwise, much 
enlarged. (C, E-G after Bullion.) (From Flor. Jam.) 

pollination of a stigma from anthers in a similar position; in some 
cases union betweon flowers of the same form proved useless. 
Pollination is effected by bees where the corolla is funnel-shaped, 
by butterflies where the lower part of the petals forms a narrow 
tube. In Wood-sorrel, besides the ordinarj' open flowers, cleisto- 
gamic flowers occur, and also transition forms between the two, in 
which the anthers of the outer stamens become gradually reduced 
and those of the inner more and more closely applied to the 
shortened styles. 

The family contains about 900 species, the greater number 
of which are distributed through the warmer parts of the 
earth. Of the. seven genera, Eichleria. with two species, is a 
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like a gooseberry, and Biophytum, • f the three 

^ touch, has con^ in 

ot“ of dtotritation in South Afnca 

and another in South America. 


Family III. BALSAMINAC EAE 

This family is represented in our flora by one specie* 
Impatient Noli-tangere (Touch ; me-not) ^ gucculent stems full 
The plants are generally a alternate, opposite, 

of watery juice, and simple or represented by a 

or in whorls of threes^ S »po . q1o -pi ie flowers are borne 

pair of glands at the iase axillary peduncles, and are 

singly or several or nlane. They are pcntamerous 

morphic l 

ed by th< 

petaloid, the posterior is very large — of the flower, 
are small and pushed forward to th . The slender 

while the two anterior are *”. ^ ome8 anterior, when the 

pedicel is often twisted so that-the spy ^rb external 

Sower is termed more or less 

in the bud, the lateral and po Howor g so that there are ap- 
united in pairs on eacht side of th fl ^ have short broad 
parently only three petals. The thc pistil like a cap. 

filaments and anthers cohering and \ Tt3 lifted up by the 

Ultimately they rupture at the Hvo . co il e d, and terminates 

lengthening pistil. The ovary is contain8 a single axile 

in a sessile five-toothed stigu 

row of pendulous anatropous ovubjs. dohi8cence . It springs 

The fruit is a capsule with h ^ c ", ve(l separating from the 

open at a touch when rip , co iled while the seeds are 

placentas and beconnng e *s jcal^ s(Jods aru completely 

shot out on all sides. The sligl . along the axis and con- 

filled with the embryo, which ies and at lho upper end a 

sists of two large cotyledons face occur in I. Noli-tamjere 

small radicle. Small cleistogannc ti ‘ the latter are 

and other species, in addition to the coloured 
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proterandrous and pollinated by bees as they suck nectar from the 

P Impatiens contains about 400 species, most of which inhabit 
the mountains of tropical Asia and Africa. A few occur in Central 
and Northern Asia, South Africa and North America. Impatiens 
Noli-tangere is the only European species. A second genus, 
Hydrocera, is represented by a single species, a marsh-plant found 
from India to Java. /. parviflora, an annual with very small 
yellow flowers, a native of Siberia, has become naturalised in 
Europe (including Britain) as a garden escape. I.fulva, a North 



B C 

Kic. 133. IrnjMtticnA. A. Flower of /. Balsamina , nat. size. B. Floral diagram of 
/. Roylci; *, spurred sepal; lateral sepal; />, large petal. C. Vertical section 
of androecium and gynoecium of I. Balsamina, x 5. D. Fruit of /. Noli- 
t'intjrre , nat. size. E. Same in vertical section. F. Same dehiscing. (A after 
Ilotnn. Mag.; B after Eichler; (\ 1), E after Warburg; F after Baillon.) 

American species resembling I. Noli-tangere but with orango 
flowers, lias become naturalised on river-banks in Britain. I . Bal¬ 
sam inn ( Balsam), an East Indian species, is well known in gardens. 
The tall rapidly growing /. Roylei , a Himalayan species, is also 
grown, and has become naturalised in South Wales. 
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Family IV. TROPAEOLACEAE 

This family contains oneg em *’ a nd thTiS’es^ar sou“h 
60 species on the mountains of Mexi ■ and T minun, 

as Chile; three occur also in South Brazil. T. J § 

her^o^nes 1—! 

round objects presented to them and„‘^ aTsobtf r y in ibe axils 
climb. The long-stalked conspicuous flower.- are 



Flo. 134. Tropxienlum tnajus. A. Fjoj’" 'jjjjjjj' D^Fni'it. E. One coccus 

B. Diagram of flower. C. (.ynoeeium onlarg |a , F. Developing 

^XVus^rand the two latcra. . 

much enlarged. (F after Schacht.) i«•> Co 

of the foliage-leaves and are posterior Ind two lateral’ 

A8, G(3). The sepals are pctaloid.thepo**". ^ & large 

together with a unilateral growth of 1 the two 

dorsal spur. The three anterior above it. The 

posterior in having a claw anc roW on each side of 

stamens are arranged in two rows o ^ entame rous whorls 

the ovary ; they may be compared wi ^ stamen has been 

of Geraniaceae, in each of which , ■ disturbed by the 

suppressed. Zygomorphy in the m i P ‘ . not exactly 

oblique position of the carpels, of which the ou 
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posterior but a little to the right or left of this position. There is a 
single pendulous anatropous ovule in the inner angle of each of the 
three ovary-chambers. The central filiform style divides at the top 
into three stigma-bearing branches. The fruit divides into three 
one-seeded fleshy schizocarps. The embryo with its large 
cotyledons fills the seed-coat. 

The flowers are proterandrous; the anthers one by one in the 
order of their development are brought opposite the entrance to 
the nectar-containing spur, shed their pollen and then resume their 
original position. Finally the style bends over and bringB the 
stigmas into the same position. The stiff cilia on the lower margins 
of the anterior petals form a fence against the entrance of those 
insects which would be too small to effect pollination and the 
visits of which would result only in a loss of useful pollen. 

The embryology is peculiar. A three-legged structure results 
from the development of the oospore. The suspensor becomes 
much elongated, grows out of the micropyle and bears two long 
appendages (haustoria) one of which grows into the tissue of the 
placenta and absorbs nourishment for the developing embryo while 
the other grows out into the ovary-cavity and may serve as a 
respiratory organ: at the other end of the suspensor the embryo 
is developed. 


Family V. LINACEAE 

A small family of about 200 species, more than half of which 
belong to the genus Linum, the remainder being very unequally 
distributed among eight other genera. The two British genera, 
Lin inn and Radiola , with two others, are herbs or small shrubs 
with the fertile stamens equal in number to the petals, and form 
a section, Eulineae, closely allied to the Geraniaccae and Oxalida- 
eeae. The remaining five genera form a second section— Hugonieae 
(after the largest genus Hugonia )—consisting exclusively of tropical 
trees and shrubs, often climbing, which in their manv-membered 
androeeium (stamens two to four times as numerous as petals) 
recall the Ter list roemiaceae. 

The flowers are regular and generally pentamerous, with a quin- 
euncial calyx followed by a whorl of regularly alternating petals, 
which are imbricate or twisted in the bud. The filaments of the 
stamens are united at the base, forming a ring on the outside of 
which are nectar-secreting glands. The carpels are generally five 
in number and opposite the petals, forming a five-chambered 
ovary, with two pendulous anatropous ovules in the inner angle 
of each chamber; the latter often become halved by the ingrowth 
of a ’•false” septum from the dorsal suture. The styles are free, 
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and the stigmas terming The 

of the Hugonxeae where 1 bfctinB septicidally into as many 

by the persistent calyx, and p ® P number when false 
valves as there are carpels, or mto daubtotto .urn ^ ^ a 

and is cymose (Linum and Rodiota) or racemose. 





M I 1 ** — 

I * n Diagram of flower. 

Fio 135. Linum jamaicrn&t. A. Upper part os ro.*- oro i| a removed, 

c Flower bui x7. I). Bud ** * ^ 

t ibtropical 

IAnum is generally distributed in co m mo nest 

regions; three species are native in th lower leaves 

of which, L. catharticum, a small annual (Flax) 

opposite, extends mto Arctic Euroj . • ..j tc d for the sake 

occurs as an escape wherever the P^tis ^ lt is a 

of its long tough bast-fibres or > y p ian Gulf, and the 
native of the country lying between m 

Caspian and Black Seas 1 . sftna i 8 while opposite 

The five fertile stamens are opposite £ mc ' Hte bases of the 

the fugacious petals the ring form® - h ma y he regarded as 
filaments is prolonged into five ee h ^ somo of the 

staminodes. The American, South Atnca 

. De Candolle, A. Origin of Cultivated Plants. 
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European species (as L. catharticum) and also L. usitatissimum are 
homomorphic; in these the visits of insects may result in cross- or 
self-pollination according to the method of entrance. If insect-visits 
do not occur, self-pollination is effected by the bending inwards of 
the stamens which previously stood out at some distance from, 
though on the same level with, the stigmas. Dimorphic species, 
with long-styled and short-styled flowers, are confined to Europe, 
North Africa and Asia. Experiments have shewn that pollination 
of a flower with pollen from the same form leads in many cases to 
little or no production of seed, while full fertility follows a legiti¬ 
mate crossing. On germination the seeds become covered with 
mucilage, produced by the degeneration of cell-walls in the outer 
layer of the seed-coat. 

Radiola, a monotypic genus, is a very small annual herb with 
slender repeatedly forking stem, opposite ex stipulate leaves and 
a tetramerous flower. It grows in damp sandy places in Europe 
(including the British Isles) and North Africa, in the mountains 
of tropical Africa and in temperate Asia. 


Family VI. ZYGOPHYLLACEAE 

There are about 200 species in 25 genera in dry districts in the 
warmer parts of the world, especially in salt-deserts, where they 
form a characteristic feature of the vegetation. They are rarely 
annual herbs, generally undershrubs or shrubs, with opposite, 
rarely alternate, generally paripinnate leaves: stipules are present. 
I he regular bisexual flowers are terminal and solitary, orcymose. 
They are pent amorous, or sometimes tetramerous, with obdiplo- 
stemonous androeeium (rarely 15 stamens). The stamens generally 
boar outgrowths at the base which unite to form an appendage 
standing inside the staminal ring. The ovary is generally four- or 
five-chambered, with one to several ovules in each chamber, 
pendulous from an axile placenta. The single angular or furrowed 
style bears a terminal stigma. Pollination is presumably effected in 
the majority by insect-agency. The fruit is a loculicidal orsepticidal 
capsule or divides into indehiscent one-seeded portions; more 
rarely a berry or drupe. Endosperm is present or absent. 

^ (hiaiucum officinale, a small tree of the dry coast-area from 
I’lorida, West Indies and equatorial America, yields guaiacum- 
wood used medicinally for the bitter resin contained in the heavy 
greenish-brown heart wood. (Fig. 136.) 

1 ribulus tecrestris, a herb, native in dry and sandy districts in 
South Europe to Central Asia and in tropical and South Africa, 
has a thorny schizocarp which is readilv carried bv animals. 
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By F ' C U 

a- ■, x Small shoot bearing inflorescence and one 
Fig. 136. and petals removed, x 3 C. Ovary 

fruit, xj. ». Lncrthwise *4 E. Ovule much enlarged. 

F Ut F™T“i si*. < Affer Bo* .-.J Shmidt.) (From Flor. Ja 

Family VII. MALPIGHIACEAE 

A ironical family of woody plants, mostly lianes but including also 
smtlTtrei and shrubs, and in some cases, as in the genus Camarea 
/ i a. „r iirazih low-growing small-leaved xerophvtic shru is 

C". g So,ne of the fines, lianes of the tropica 

forests belong to this family, and many of these especially m tin 
American secies, shew abnormal secondary thickening due o 
localised growth of xylem and phloem, forming, similarly 
whatTceum h. many llignoniacoae. star-shaped figures of wood 
with*corresponding ingrowths of phloem and parenchyma, some- 
rimes with phloem-islands in the xylem. The plants 

are generally more or less densely covered with hairs; in some 

species with stinging hairs. The hairs are °™-“ ned “ d 
branched The leaver are generally opposite and entire, often with 
" the base or on the petiole; stipules are present varying 
fn form and position. The inflorescence is racemose and usually 
compound; the flower-stalks are jointed and bear a pai 
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bracteoles below the joint. The often large showy flowers are 
generally bisexual; they are pentamerous, obdiplostemonous and, 
at any rate in the gynoecium, obliquely zygomorphic. lhe 
receptacle is convex or flat, rarely slightly hollowed, when the 
flower becomes perigynous. The sepals are generally united at the 
base and often provided with nectaries of varying form; they 
persist in the fruit. The petals have generally a claw, and a fringed 
or toothed margin, and form a regular corolla; the corolla is, 
however, sometimes obliquely zygomorphic. The androecium is 
typically obdiplostemonous and regular, but frequently becomes 



Fie;. 137. Maipighia glabra. A. Flowering shoot, 1 nut. size. B. Flower, x 3. 
('. Flower with sepals and petals removed, cut lengthwise, x 5. D. Diagram 
of flower; the shaded portions on the sepals indicate the glands. E. Drupe 
cut lengthwise shewing seed and embryo, x 2. F. Druj>e cut across shewing 
the three pyrenes, x 2. G. One pyrene, x 2. (After Flor. Jam.) 

zygomorphic by one or more members becoming staminodial or 
completely aborted. The filaments are generally united below, 
forming a longer or shorter tube. The anthers are introrse with 
often an enlarged connective. The pistil consists generally of three 
(rarely two, four or five) united carpels, placed obliquely, the plane 
of symmetry passing through the third sepal in order of develop¬ 
ment. The. inner angle of each chamber bears a single pendulous 
ovule with upwardly directed micropyle and a ventral funicle. 
The structure of the flower implies pollination by aid of insects; 
deistogamic flow ers also occur. The fruit divides into one-seeded 
portions which are sometimes winged or nutlike or split open on 
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the dorsal surface; more rarely it is a nut or drupe (Malpighia). 

the tropics especially of the 

New World, and contains about 800 species in o > gener 

Order 10. RUT ALES 

Closely allied to Geraniales but differing in the occmrence 
generally woody. 

Family I. RUTACEAE 

Flowers bisexual, rarely unisexual, tegtdar or somctunes 

or more, often free below “'''^^tary Fn.i, very 

various^SeecTcontainhig a° Urge straight or curved embryo, 

£,.ri"ht’«SS/i».«. i. «» r~™» a 

in the ground-tissue. Widely distributed in 

Genera 120; species about j 

temperate and warm regions. 

The typical flora, diagram is the --e as. hat of “eeae 
and is expressed by the formula S5 I ■>, A^d ^ 

in Geran ‘““ C 0 ™te h an a .cpetalous stamens, or a tendency to 
zygomorphy of the » h “ 
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The plants are mostly shrubs or trees inhabiting warm 
countries. The leaves are generally alternate, more rarely 
opposite, and simple, more or less divided, or compound. 
They often conform strikingly to the foliage of other plants 
characteristic of the vegetation of given areas. Thus the 
Diosmeae, with their small narrow leaves and heath-like habit, 
resemble many other of the components of the shrubby 
vegetation at the Cape, while the narrow linear or lanceolate 
leaves of many of the Boronieae (an exclusively Australasian 
tribe) have this form in common with many other Australian 
shrubs, and the pinnately-cut leaves of others of the tribe 



A 

Fin. 138, Rula grarcolens. A. Pentamcrous terminal flower: n % the two up|>cr- 
most foliage leaves, each subtending a monochasial cyme with tetramorous 
(lowers; <(, disc. (After Eichlcr.) 

recall the equally characteristic Australian Proteaceae. The 
pinnately compound leaves of many of the north-temperate 
and tropical trees and shrubs strikingly resemble those of 
the Simarubaeeae. Burseraceae, Meliaceae, Anacardiaeeae or 
Napindaeeac found associated with them. This is merely an 
expression of the fact that the family has a wide distribution 
and that its members are adapted to very various conditions, 
climatic and otherwise. An interesting form of leaf is that 
found in Citrus (Orange, Lemon, etc.), where a simple blade 
is separated by a joint from a winged petiole (tig. 140); since 
this form occurs in genera which have also compound leaves 
it is regarded as a compound leaf reduced to one leaflet. In 
the tribe Aumnticae , which includes the Orange. Lemon. 
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Citron and others, reduction of the leaf frequently goes still 
“er?the first one or two leaves of a bud in the young plant 

be The r Howere Iretometimes solitary, but generally arranged 
^inflorescence which is rarely a single raceme, more often 

with 

an isomerous pistil. Where only on,t whorl 

d s=ss : -34 

fncreased; the odnge (C. d»n,i», has 6-20. The number 
of 

terminal flower is thS petals placed 

with the first sepal nex In trimer ous flowers the 

diagonally in relation oi ex f erna l The flower of Dictamnus 

ssrssr; ft 

petalous corolla, the sepa s are , r than the sepals 

petals are generally free, conspicuo s y enus Correa, 

and white, red or yellow in colour. known in c ultivation, 

^m^^'I'i'Zrowly be.,-shaped 

base or sides, the ovary form.,ng a <lee? V ^ ^ 

with the united st y le ® the union of the carpels 

“et thetvai being multiloeular and entire or only 
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slightly grooved with a terminal undivided style. There 
are sometimes several ovules arranged in two rows (figs. 139, 
140) in each carpel, but usually there are only two, which are 
collateral or superposed (fig. 141, D). The ovule has a ventral 
raphe and an upwardly pointing micropyle, but where two 
are superposed the micropyle of the upper is often directed 




Fit;. 139. A. Flower of Ruta gr<iwx>lerui in vertical section, x 5; d % disc. B-t. 
Dict/imnvs albn*. B. Flower. (\ Vertical section shewing ovary and gyno- 
phore. x 5. I). Fruit dehiscing. E. ('haml>er of fruit in section. F. Seed, x 4. 
(After Engler.) 

downwards. Sometimes only one ovule is present. The 
genus Feronia affords a striking exception in having a syn- 
carpous ovary with many parietal placentas on which numerous 
ovules are arranged in many rows. 

The flowers of most Rutaeeae are well-arranged for pollina¬ 
tion by insect-agency; the coloured corolla rendering them 
conspicuous and the disc secreting a supply of easily accessible 
nectar. Cross-pollination is often favoured by the marked 
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proterandry of the flowers. Thus m Ru,a 
the stamens rise successively to the centre of e flower 
shed their pollen, wither and fall back again After allthe 
stamens have bent back the stigma ripens, hut H. Muller 
observed that before it withers the stamens again rise up, 
and if, through lack of insect-visitors, they still retain a 



. i (Omnoel A Shoot with leaves and flowers, * 
Fio. 140. Citrus Aurantunn (Ornish * ( , () cut across, much 

B. Flower cut lengthwise, with petalscu. R Seed cut lengthwise. 

stock of pollen, some of it is shed upon ‘he ^igma thus 
effecting self-pollination. The flowers are visited by many 


fli The n ^t e varies considerably but the lormto 

related to the degree of union of the carpels. 
are only partially united in the flower, as in Dictamrms, 
f^ generally become isolated and dehisce along he 
ventral 8 suturef the dry papery cndocarp becoming at the 
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same time elastically separated from the exocarp and exposing 
the seeds, which have a dry crustaceous smooth or warty 
coat (fig. 139). On the other hand, where the carpels are com¬ 
pletely united in the flower, the fruit is generally a drupe or 
berry. The berry of the Orange-group has a smooth endocarp 
or encloses a fleshy pulp which consists of large-celled juicy 
emergences growing into the chambers from their walls and 
gradually filling up the cavity (fig. 140, D). The well-known 
slippery feeling of the seeds of Citrus is due to the mucilaginous 
nature of the outer membrane of the epidermis, which protects 
the seed from being crushed when the pulp is eaten by animals. 



Kit;. 141. Corral sprriosa. A. Flower-bearing twig. B. Calyx (cut), stamens 
(one removed) and pistil, x 2 (nearly). C. l)isc and ovary, x 6 . I). The same 
in vertical section. E. Seed cut lengthwise, x 4 (nearly). 


The seeds contain a large embryo, which is straight or 
bent with flat plano-convex convolute or folded cotyledons. 
Endosperm is present or absent. Polyembryony is frequent 
in Citrus, and results, as Strasburger shewed, from an ad¬ 
ventitious production of embryos from cells of the nucellus 
above the embrvo-sac. As many as thirteen may occur in 
one seed but seldom more than three germinate. 

Engler distinguishes the following subfamilies which differ in 
the character of the fruit: 

I. Rutoideak. Carpels generally four or five, more or less 
distinct in the fruit and opening on the inside with usually 
•separating endocarp. It includes the following tribes: 
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Xa^otyUa* (25 genera) f wjd^stri^geup of 
woodv plants with usually small greemsn fc 'arnels 

L East Sand North America); F agar a (200 species 
in tluTtn^pics)Includes native of Mexico'. 

a favourite greenhouse or garden . ^ rarely shrubs, 

Ruteae (7 genera). ^ rb ® bteexua l flowers. Carpels 

with median-sized y Natives of the North 

about 60 apec.es spre^ng ^^ tjrmxoleM (Rue) is a 
strongly °smefling herb with bipinnatc^ leaves and dull 

yellow flowers i^Co^rea , etc.), is exclusively 

B ArS’ian Undeihrubs or shrubs with regular bisexual 
flowers and seeds with a fleshy ^o^P® 1 ™ Shrubby plants 
tiees) g "rrimple leaves and seeds without endo- 

“Orphic flowers. About 106> - se £ ticidal cap suie. 

II. Fn.NDERS.otDEaE. Frutalocmc * 

A small group of ^"drupe. One genus only, 

III. SPATHELIOIDEAE. JftUlt a Wingw 1 

in the West Indies. d or drv and winged. Trees 

rKSwwar»sr. .......... 

V. Aurantioideae Fr ™ Includes the genus Citrus, several 
hemisphere, mainly tropic . 1 cultivated as to render 

species of which have so long been ^ racc s. Cttma 

difficult the systematic arra "6®m es _ the more important 

Aurantium includes t e >van ^ - g ev fue Orange, var. Bergamo, 
races are var. amara, the 13 1 gweet or China Orange; 

the Bergamotte var. ’ lvOIllon (var. Lirnonum), and 

C. medurr includes the Criron N Ldann, C. a ran*« 

^SWdocktnd c. parudiri the Grape Fruit; they are mostly 
natives of China and Cochin China. ^ 


R. II. 
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Family II. SIMARUBACEAE 

A small family of about 200 species and 30 genera occurring 
in the warmer parts of the world. The plants are shrubs or trees 
containing bitter principles in the bark and wood; with generally 
scattered pinnate leaves. The flowers are small, regular and 
bisexual or generally unisexual by abortion, with 3- to 7-merous 
calyx and corolla, and as many or double as many stamens 
(obdiplostemonous) often provided with a scale-like appendage 
at the base, and four to five or fewer carpels completely united to 
form a one-celled ovary or united on!}’ by the style or stigmas; 
ovules usually one in each chamber. Between stamens and carpels 
is a disc which assumes various forms. The fruit is a schizocarp 
with dry, sometimes winged, or drupaceous mericarps, or drup¬ 
aceous with two to five one-seeded chambers. Endosperm is very 
thin or absent; the embryo has thick cotyledons. 

Ailanthus glandxilosa (Tree of Heaven), a native of China, is an 
ornamental tree with pinnate leaves and winged fruit. Picrasma 
ejrcelsa (West Indies) yields Jamaica Quassia-wood, and Quassia 
amara (tropical America) Surinam Quassia-wood. 

The family is closely allied to Rutaceae, differing mainly in the 
absence of oil-glands and in the marked tendency to unisexuality 
in the flowers. 

Family III. BURSERACEAE 

A tropical family, chiefly American, with about 600 species in 
13 genera. The plants are shrubs or trees with scattered compound 
gland-dotted leaves and small flowers; balsams and resins are 
contained in passages formed by separation of cell-layers or 
destruction of cells. The small flowers are generally unisexual, 
with o- to 4-merous calyx and corolla and haplostemonous or 
obdiplostemonous androecium. A disc is present, and the five 
to three carpels form a compound mult ilocular ovary with generally 
two ovules standing side by side in each cell. The fruit is a 
two- to five-seeded drupe, or a capsule. Endosperm is absent, 
and the straight or rolled embryo tills the seed. Many species are 
valuable as sources of aromatic resins and balsams. Such are 
species of Iinswellia from Somaliland and Arabia which yield 
frankincense or nlihnnum; and species of Commiphora from the 
same countries and from Northern Abyssinia which yield myrrh. 

Family IV. MELIACEAE 

An almost exclusively tropical family containing about 45 genera 
anil 750 species, mostly trees and shrubs with generally alternate 
pinnately compound exstipulate leaves, and axillary panicles of 
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regular bisexual or polygamous flowers. Tho * 

are 4- to 5-merous, the 8-10 stamens are generally united to fcrm a 

longer or shorter staminal tube ; a disc is present between stamens 
and pistil or absent. The small ovary is generally tv. o- to five- 
chambered with one or two, seldom more, ovules in each chain . 
The^riTi a capsule, berry or drupe; the seeds are often winged 
Endosperm may be present and the cotyledons are then often eaf- 
like, or*absent when the cotyledons are fleshy and often united. 



Fig. 142. Swictenia mahagom. A. a * Flower ,. u t lengthwise; *• 
and open flower; s. staminal tube ^ va|ye has l>een removed 

staminal tube; d disc; x Q f fruit; J>. points of attachment 

exposing the wjb, * *. 

of seeds; x J. r. oeca, * 3. fWcsfc 

Many aro valuable timber trees. ^"gany is the product 

Indies) is the true Mahogany; Afnear.^1 h ( ,ZJ a ftdoral l (W est 
of Khaya aeneyalensis and othe I M , ia Azedarach, an 

Indies) yields the cedar-wood of commerce 

ornamental tree, also yields valuable timber. ^ 
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Order 11. SAPINDALES 

Flowers bisexual or unisexual by reduction, regular or 
more often zygomorphic, hypogynous, often with a disc- 
formation below the ovary ; generally pentamerous, sometimes 
tetramerous, with a diplostemonous androecium, and reduction 
in the ovary generally to three or two carpels. Reduction is 
also frequent in the androecium. Ovules with two integuments, 
one or two in each chamber of the ovary, position various, 
pendulous with a dorsal raphe or ascending with a ventral 
raphe (except in Polygalaceae where it is pendulous with a 
ventral raphe as in Geraniales). Fruit various, often one- 
seeded. Embryo large; endosperm generally absent. 

Generally trees or shrubs (herbs in Polygalaceae), with 
simple or compound, alternate or opposite leaves and 
numerous small flowers. 

Closely allied to the two previous orders. 

Family I. ANACARDIACEAE 

A family of 6G genera with about 500 species, chiefly 
tropical but extending into southern Europe and temperate 
Asia and America. They are trees or shrubs containing 
resin-passages with alternate exstipulate simple or compound 
(unequally pinnate) leaves, and generally numerous small 
flowers in terminal or axillary panicles. In habit they closely 
resemble other families of the order, especially Sapindaceae 
(and also Rutaceae in the previous order) but are distinguished 
by t he presence of sehizogenous resin-passages and the solitary 
pendulous or ascending anatropous ovule attached to the 
ventral face of the carpel with the raphe dorsal. 

The flowers are typically bisexual but often unisexual by 
reduction of the androecium or gynoeeium; they are generally 
regular and pentamerous, with reduction to three in the gynoe- 
cium. The form of the floral axis shews great variety. The 
more usual form is a short convex receptacle with hypogynous 
corolla and stamens, often with small nectar-secreting out¬ 
growths between the stamens. In other cases a disc, often 
cup-like in form, is present between stamens and pistil, as 
in Rhus (fig. 143), or the axis is lengthened or thickened; 
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thus in Mangifera indica (Mango), a thick cushion is dev^oped 

pistii is correlated or 

"ion a'nd loss of function may take place; for instance 
Rhus has sometimes only five, Mnacardmm has 10-7 o 
which only one is fertile and much exceed Mta** 
Mangifera has at most five (antesepalous) stamens, 



Flo. 143. Rhus Sltlopium. A. S^^tTn^thwiwN « 4.* P. D™!" 

reduction to a single fertile one m.y~our <*£^ h ° „ 
of the three carpels contains an ovuU, or J ^ 

ovuliferous, only one ripens. uc Mangifera , .4 na- 

carpels but only one ovule and seed; In i The 

cardium and allied genera on y ont r i eS s 

fruit is dry or drupaceous; the and 

bent embryo with flat or thic p (formerly known as 

little or no endosperm. Cotmus Ccqgyg < t hern Europe 
Rhus Cotinus), the Wig-tree, native from souther, 
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through temperate Asia to China, has polygamous flowers, 
the stalks of which in the fruiting season lengthen and be¬ 
come hairy rendering the infructescence, which becomes 
detached as a whole, light and easily carried by the wind. 

The largest genus, Rhus, contains 120 species, which are widely 
distributed in the warmer parts of the world. Rhus Coriaria is 
the Sumach, a native of southern Europe; R. Toxicodendron is the 
North American Poison-oak or Poison-ivy; the Japanese R. vemi- 
cifera yields lacquer. In Anacardium occidentale (Cashew-nut), a 
native of tropical America, the solitary carpel forms a nut with a 



Fig. 144. A. Bisexual flower of Matigifera imfiVa, x5; rf, disc. B. Fruit of same 
cut vertically, x J; e 9 endocarp; /, funicle; c, cotyledon; r, radicle. C. Ana¬ 
cardium occidentale. Section of fruit and seed on the swollen fruit-stalk, x §; 
p, |>cricftrp with numerous oil-containing cavities; c, cotyledon; r, radicle. 
(C after Engler.) (From Flor. Jam.) 

hard hitter-resinous pericarp containing an oily edible seed; the- 
fruit-stalk swells to form a large fleshy pear-like edible structure 
(lig. 144, C). The solitary carpel of Matigifera indica (Mango) 
(lig. 144, B) produces a large drupe with a luscious mesocarp. The 
seeds of Pistacia yield oil: those of P. vera (Mediterranean region) 
are eaten as Pistachio nuts. P. Terehinthns (the Terebinth) and 
P. Lentiscus are widely distributed in the Mediterranean area; the 
latter, which yields mastic resin, is a conspicuous feature of the 
Maqui vegetation; the formeryields a turpentine which exudes from 
cuts in the stem; the pod-like galls, rich in tannin, borne on the 
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vegetative organs and 

the East. Schinus moHe (Pepper r ), idely cultivated in 

ssassri.1sr-»«»—■ 

Family II. SAPINDACEAE 

ZlTL^ly tendrils “ X 

structure, the result of •^^-^ r T»ndl My ..em 

ness. In addition to t shewing considerable 

cortical systems are developed , of ten she, mg ^ ^ ^ 

complication, as in the s m rv and represent 

oi/mi and others, me forked at the apex, 

modified inflorescence-ax , > watch-spring, 

and the branches are of f “llv compound and pinnate, 
The leaves are alternate, g • on , v ’ jn climbing species 

with or without a termin* * ’ . • 0 f tC n contained 

are small stipules present. a ex dried leaves as 

in special sacs or ceUs winch Numerous Conspicuous 
transparent points or streak.. arranged in racemes 

flowers are borne in undateral cymes arrange 

or panicles. They are unisexual, though^ PP^ apparent 

gamous with ob "°"® t ‘ he stamens’ though present 

bisexual flowers; in the last anthe rs. They are 

bear permanently closed an un p pcntamerous, 

regular or obliquely J^X P fre e, and five 

sometimes tetramerous. F P in symmetrical flowers 

in number with imbricate aes iva^^ ^ fifth; the pe nta- 

apparently four by union ' bcc omes similarly tetra¬ 
merous corolla in symmetri 1 fl tals are free and often 

merous by suppression of a pet , F { which cover 

provided on the inside with flora, axis is 

the nectaries. Between petal* generally ring-like and 

developed to form a disc, which »« 

bears glandular nwell.ngs opposite * J ug whorls , often 

The stamens are usually m two i (see fig. 145) ; 

reduced to eight or even fewer, y 8 pistil or pistil- 

they are inserted inside the disc around the pibt 
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rudiment. The pistil is usually trimerous, with a terminal 
style and a three-celled ovary, and usually one ascending 
ovule with a ventral raphe in each chamber. The large fruit 



Fin. 145. SapindnaSaponaria. A. Male flower. B. Ditto cut lengthwise. C. Petal. 
I). Female flower cut lengthwise. E. Fruiting branch. F. Coccus cut 
open, showing the seed. G. Seed shewing the hilum. H. Seed cut length¬ 
wise. d, disc. A-D, x 10; E-H, nearly nat. size. (After Flor. Bras,) (From 
FI or. Jam.) 



Fits. 14(>. Lilchi chinensi*. A. Nut. B. Aril enclosing seed. C. Nut in section: 

the aril (a) completely surrounds the seed. 


is dry, forming a capsule or nut, or fleshy and a berry or 
drupe; it is sometimes a schizocarp and frequently winged. 
The seed, which often heat's an aril (e.g. the fleshy aril of the 
Litchi), is exendospermic, containing only the curved embryo. 
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Serjania and Paullinia are large genera ab °“‘ 

360 species) of tropical American banes wrth watchs^nng 
like tendrils and generally winged fruits. The berries oi 
species of SapindJ. a genus with 11 species, °«urring m the 
warmer Darts of Asia and America, contain saponin and yield 

a lather with water. S. Saponaria (fig. 145), Soap the 

(tropical and subtropical America), has only one o 
segments (cocci) of the fruit developed. L c clu — 
(Litchi) a native of China, is widely cultivated for the H 
i“aril which surrounds the seed and is con amed n a 

brittle nut-like fruit. A similar structure 1S 

the allied genus Nephehum (tropical Asia) i . PP° 
the Rambutan. Other genera yield valuable timber. 

Family III. ACERACEAE 

* — 1 -f 

conforming to the formula S. , * , ’ inside an 

Stamens hypogynous or pengynous > ,,s ^ co ). 

annular, often lobed, disc. Ovary two-lobed ^'^o^ 
lateral or superposed ovules in each cl, * mbe ’ , base with 

tropous to almost anatropous, attached by samaras 

a dorsal raphe. Fruit a schizoearp o two 

Seed exendospermic, cotyledons fla , o e palmately 

Trees with opposite exstipulate leaves, gen y P 
lobed and veined. Inflorescence racemose. hemi . 

Genera two, with about 120 species in ‘heriorthern 
sphere, chiefly north-temperate, or on mountains. 

Germination is epigeal ; the green strap-shaped A 

of Acer Pseudo-platanus (Sycamore) are exce ptional in 

North American species, A. fho regular develop- 

having hypogeal cotyledons. wi g leaves young 

ment of the buds in the^axds o e ^p branch ing. 

The I,.,,- ... generally Smpfc ■"'""" . i, !: ; . 

epeeiea o, A«, .he. » “T XTSl, - 

compound form. In the Him y the margin 

simple and entire; in certain east sia h ^ have a trilobed 
is serrate; A. nunupeseuUinum and others 
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blade; while in most of the species, as the Common Maple 
(.4. campestre ) and Sycamore, the two lateral lobes branch 
again, forming a five-lobed blade. In the widely cultivated 
A. pahnatum (Japan) and its allies the branching is carried 
further and the leaves are generally eleven-lobed. A few 
species from China and Japan are trifoliolate, while the section 
Negundo (American), often separated as a distinct genus, has 
imparipinnate compound leaves (with three to five leaflets), 
as also has the second genus Dipteronia. 



Fig. 1*47. Acer Pseudo-jdatanns. A. Vertical section of flower, enlarged. B. Fruit* 
(\ Embryo, enlarged. (After Le Maout and Decaiane.) Aesculus Hippo - 
cast an u nt. D. Diagram of a three-flowered cyme. The arrow indicates the 
plane of symmetry. E. Flower (inverted in comparison with D). F. Pistil 
cut vertically,enlarged. (1) after Kichler; E, F after Le Maout and Decaisne.) 

The leaves are plicate in the bud and protected by scale- 
leaves which consist of the broadened leaf-base, the upper 
portion being undeveloped. This relation can often be traced 
by observing the transitional forms between scales and 
foliage-leaves as the bud opens in spring. 

The inflorescence is generally terminal on a short leafy 
shoot; the main axis ends in a flower. It is a panicle, as in 
A. Pseudo-platan us, which is sometimes corymbose in form, 
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it zz r ^o lr * 
^zzziz zizzzz sr*- «- — 
S5 ^ * 

z eZZZytzzZ ^ r z m c^::z:z: 

incomplete. J. rubrum and the two 

suppression of the inner whorl of stamens.^ aU The 

median stamens are suppressed, lea g 8 h disc 

filaments are free and inserted -thm o upon the « - 

(fig. 147, A). Pleiomery occurs carpel, are 

but is most common in the 6> no flo r w hile four- to 
often found, especially in the terminal flower, 

eight-carpellary fruits sometimes occur^ ^ The 

The tendency to a separatio . m and .dioecism 

most common forms are an ro m earlier flowers, 

through a reduction of the ova ^ V the inflorescence is 

A. Negundo and its allies are io ’ ale p j an ta. Pollina- 

umbellate in male, a simple raceme short probosces, 

tion is effected by insects, with either Jongorsho^ 1^ ^ 

which suck the nectar copiously seer pessulan um and 

doubted hybrids occur; one be ween • j car pcl forms 

d. campestre growing wild in "^^LTrica^ 'amara,. 1 n 
in the fruit a dry one-seeded ngee' ison e-sided. 

Dipteronia the wing surrounds ^ >r ro „ c(1 th e coty- 

The embryo is more or , less .|\ ’ The maimer of folding and 
ledons often being much coil • species; sometimes 

position of the embryo '' ar y 1 , thc cotyledons face the 

the backs, sometimes the e g t re of the coil or 

placenta, while the tips may be in the centre 

on the outside. China The 

The single species of Dip<eron»a of t-h« iiortliern 

species of Acer are mountain- and Imii-io' j 10,000 feet, 

hemisphere. In the Himalayas they a cend to H etchi from 
The greatest number of species inhabit an ar 
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the Eastern Himalayas to Central China. Japan is also rich in 
species. A. niveum is found in Assam, Java and Sumatra. The 
Western Himalayas have fewer representatives than the Eastern 
and these are related to those of the Mediterranean region, where the 
centre of distribution lies in the east, the Balkan peninsula and the 
forest region of the Western Caucasus being richest. Six species pass 
into Central Europe, and three of these, A. campestre, A. platanoides 
and A. Pseudo-plalanus, reach high latitudes, the second occurring 
at 61° to 62° North in Scandinavia. A. campestre, native in 
England in thickets and hedgerows, is a small tree. A. Pseudo- 
platanus, extensively planted in Great Britain, is a native of 
Central Europe and West Asia. In the New World Maples are 
found from South Canada and Oregon to Mexico, chiefly in the 
mountain ranges : the species on the Atlantic are distinct from 
those on the Pacific side. Leaves shewing the characteristic form 
and nervation, as well as flowers and fruits closely allied to those 
of recent species, are very frequent in Tertiary strata. Fossil 
Maples are found throughout the whole Arctic region and from 
their circumpolar distribution in the Oligocene, and the relation 
of the species to those inhabiting Europe and North America at 
successive periods, Pax concludes that the genus is of Arctic 
origin. Travelling southward, it was much more generally dis¬ 
tributed during Tertiary times than at the present day. 

Maples are useful timber-trees, the wood being hard and durable 
and taking a high polish. Sugar occurs in the cortex of many 
species; in the North American Sugar Maples (.4. saccharinum and 
others) in sufficient quantity to make it worth extracting. 
A. dasycarpum, Negundo, platanoides and the Sycamore are widely 
planted as ornamental trees. 

Family IV. HIPPOCASTANACEAE 

A small family nearly allied to the Aceraceae blit dis¬ 
tinguished by the irregular obliquely zygomorphic flowers 
and tricarpellary ovary. It contains two genera with 18 species 
distributed through the north temperate zone, but chiefly 
American. They are trees with opposite exstipulate digitately 
compound stalked leaves. The large winter-buds of the 
Horse-chestnut, covered with resinous scale-leaves, contain 
the young shoot with its terminal inflorescence in an ad¬ 
vanced condition and open very rapidly in the spring. The 
bud-scales, as in the Maples, are the equivalent of the leaf- 
base. 1 he large pyramidal inflorescence is a mixed one con- 
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sisting of a number of scorpioid cymes arranged in a panicle ; 
it is known as a thyrsus. The plan of a single cyme and its 

flowers is shewn in the diagram (fig. 147, D). 

Only one of each pair of bracteoles is developed, and sub¬ 
tends the next flower. The floral formula is So, Po, A8 - 5, 

G (3). The sepals are united (free in two species forming the 
second genus Billia) and form a regular or irregular calyx with 
imbricate aestivation. The two upper petals differ in shape and 
colour from the three lower, the middle one of which is often 
absent. The stamens archypogynous and inserted inside a disc 
which is often one-sided. The variation in the number of 
stamens results from the loss of two or more of the members of 
the episepalous whorl. One of the three carpels lies anteriorly 
in the plane of symmetry. Each of the three ovary-chambers 
contains two ovules, both with two integuments; the lower 
ovule is descending with a dorsal raphe, the upper ascending 
with a ventral raphe (fig. 147, F), or horizontal. The flowers 
are andro-monoecious, the male flowers, in which- a rudi¬ 
mentary ovary is present, often open first. Generally some 
of the bisexual flowers are biologically female from the 
premature dropping of the anthers. The bisexual flowers 
are proterogynous; in the first stage the stamens are bent 
sharply downwards while the style projects in a long ascending 
curve, in the second, or male stage, the stamens rise almost 
to a horizontal position. Nectar is secreted on the disc and 
the petals are large and conspicuous. In the Horse-chestnut 
the upper petals bear yellow spots at the base which become 
red after dehiscence of the anthers. Humble-bees play the 
chief part in the transport of pollen. Generally only one 
ovule in the ovary develops into a seed, two out of the three 
ovary-chambers becoming crushed by the considerable growt h 
of the one containing the very large seed. The ripe ruit is 
a leathery capsule, spiny or smooth according to the species, 
and opening loculicidally by three valves. I he sec< is arge, 
roundish, with a smooth shiny leathery testa, and a large 
pale-coloured hilum. A curved embryo occupies the whole 
interior; the large thick cotyledons are inseparable (con- 
ferruminate), and the radicle lies in a fold of the testa. 

The species are scattered over the north-temperate zone; Nor i 
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America is the richest region. Aesculus Hippocaslanum (Horse- 
chestnut) is the only European representative at the present day, 
growing wild in the mountains of Northern Greece and Albania. 
In earlier times it was more widely distributed; fossil seeds are 
recorded from the upper Pliocene at Frankfort-on-the-Main, and 
seeds and leaves of other species have been described from various 
parts of Central Europe. The tree was introduced into cultivation 
in Vienna by Clusius in 1576 and was first planted in England 
early in the next century. 

Of the other species, seven inhabit the United States of North 
America, different ones occurring on the Atlantic and Pacific 
sides, one only reaches as far north as Canada; two species occur 
in the Himalayas, two in Japan and one in Northern China. Two 
species, comprising the genus Billia, grow, the one in the mountains 
of Mexico, the other in Guatemala, New Granada and Venezuela. 

Many hybrids occur in cultivation; the red Horse-chestnut, 
A. carnea, is a hybrid between A. Hippocastanum and A. Pavia. 
The Horse-chestnut and several North American species (A. glabra 
with yellow, and A. Pavia with red flowers) are well known orna¬ 
mental trees. The seeds are used as fodder, and the oil contained 
in them has formerly a specific for gout and rheumatism. The 
roots contain saponin and thoso of several American species are 
crushed and used in washing woollen stuffs. 


Family POLYGALACEAE 
(Of doubtful position) 

A small family represented in Britain by a few species of 
Polygala (Milkwort), and variously placed by different 
systematists. In the arrangement of Bentham and Hooker 
it is placed between the cohorts Parietales (Papaveraceae, 
Cruciferae, Resedaceae. etc.) and C'aryophyllinae; Warming 
places it in the series Sapindales after Aceraceae, while in 
Engler's system it appears among the Geraniales. An ex¬ 
planation of these various views on the systematic position is 
supplied by Chodat 1 , the most recent exponent of the family, 
who describes it as “a very natural family, not closely allied 
with any others.” 

The plants are herbs, shrubs or small trees with simple 
entire alternate, opposite or whorled leaves, which are 

1 Pflanzenfamilien* m, 4, 323. 
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containing a pendulous anatropous ovule. The style and 
stigma shew very great variety in form, and afford good 
diagnostic characters. According to Chodat, the stigmas 
appear to be adapted for self-pollination, forming a pocket 
into which the anthers directly open; where the pocket 
is absent the anthers attach themselves directly to the 
stigmatic papillae. But this does not imply the exclusion of 
cross-pollination which often results from the visits of bees 
and other insects. 

The form of the pollen-grain is very characteristic and 
affords “the surest mark of distinction of the family” 
(Chodat). The grains are ellipsoidal with a coarse pitting 
at the poles, and longitudinal bands, broken in the middle 
by an equatorial ring. The fruit is generally a capsule 
dehiscing loculicidally into two one-seeded portions. Endo¬ 
sperm is present or absent; differences occurring even in the 
same genus. The seed-coat often bears a micropylar aril 
(caruncle) which in species of Polygala functions as an elaio- 
some and the seeds are myrmecochorous. 

The family contains about 10 genera with about 680 species, of 
which 450 belong to Polygala. It has a very wide distribution, 
occurring in all parts of the world except New Zealand, Polynesia, 
and the Arctic provinces of North America and Asia. It is repre¬ 
sented in Britain by a few species of Polygala : the common P. vul¬ 
garis is a small wiry perennial found in heaths and meadow's, with 
white, pink, blue or purplish flowers; P. calcarea is closely allied to 
the former and grows on dry calcareous slopes in the South-east of 
England. Polygala senega (North America) yields the officinal Radix 
Senegae. The members of the widely distributed tropical genus 
Scc.uridaca are mainly lianes. The genus Epirrhizanlhes (two species 
in Malaya) consists of small chlorophvll-frco saprophytic plants 
with scalo-like leaves and dense terminal spikes of flowers. 

The genus Xanthophyllum, with about 40 species extending 
from India to North Australia, comprises trees sometimes reaching 
50 feet in height. 

Order 12. CELASTRALES 

Flowers bisexual or unisexual by abortion, regular, hypo- 
gynous, cyclic, usually 4- or 5-merous, with one whorl of 
stamens, and generally reduction in the gynoecium. The 
petals are free or sometimes united at the base. The stamens 
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alternate with the petals, and are generally associated with 
a disc. The ovary is superior and multilocular, and contains 
in each chamber one or more ovules with upwardly directed 
micropyle and dorsal raphe, or with micropyle directed down¬ 
wards and ventral raphe. The embryo is generally surrounded 
by fleshy endosperm. 

Generally woody plants with simple leaves and small green 
or whitish flowers. The order is closely related to the Sapin- 
dales in which it is included by Engler as a subdivision 
characterised by the regular flower, with stamens generally 
equal in number to the petals. The frequent occurrence of 
tetramery and a tendency to union of the petals is to be noted. 

Family I. CELASTRACEAE 

Contains about 45 genera and 450 species generally distributed 
except in the colder regions of the earth. The members are chiefly 
trees or shrubs with simple, membranous or leathery, opposite 
or alternate leaves, and generally a cymose inflorescence of small 
greenish or white flowers. The flowers are regular and bisexual or 
become unisexual by abortion; they conform to the formula 
S4—5 P4—5 A4-5, G(2-5). The sepals are small, free or united 
at the base, inferior and generally persistent. The petals are 
generally free and inserted below a well-marked disc which assumes 
very different forms. The stamens, which alternate with the pet als, 
are free and situated upon or on the edge of, or beneath, the disc. 
The carpels form a two- to five-celled ovary situated upon the disc 
or surrounded by, or more or loss sunk within it ; each chain >er 
contains generally two erect anatropous ovules, more rarely are 
they pendulous. The short style ends in a capitate often lobeci 
stigma. The fruit is various, forming a locuhcidally dehiscing 
capsule, an indehiscent dry fruit, a drupe or a berry. I he seeds 
are erect, more or less completely enveloped in a large >ng 1 > 
coloured aril, and contain an embryo with large green c ‘ )t - v,e;1<>ns 
generally embedded in a fleshy endosperm, or, rarely, filling the 

seed 

Nectar is secreted on the disc and pollination is effected in the 
European species of Euont/mus chiefly by the visits of ies, or 
sometimes by small Hymenoptera or ants. 

Ewonymus eurvpaeus (Spindle-tree) is the only British repn - 
sentative; its crimson loculicidal capsule, exposing orange-co nurtx 
arils, renders it a conspicuous and beautiful object when in fruit. 
E.japonicua is a commonly grown hardy evergreen. 
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The genus contains about 70 species occurring chiefly in India, the • 
Himalayas and Eastern Asia, a few in the Sunda Islands, and in the 
Philippines, one in Australia, about four in Central America and 
the same number in North America and in Europe. A few species 
of Euonymus are lianes; the genus Cdastrus, which is chiefly 
developed in the mountains of India and China, extending to 
Japan, Malaya and Australia, with one species, C. scandene, in 
North America, consists mainly of woody twiners. The leaves of 
Catha edulis (Arabia and East Africa) are used as a sedative 
when dried. 



Fio. 149. Euonymus europaeus. A. Flower, x 4. B. Vertical section through the 
ovary and floral axis, x(>; d> disc. C. Fruit shewing dehiscence, nat. size; 
a, aril; s t seed. D. Seed cut lengthwise, x 4; a, aril; s 9 testa; e, endosperm. 
(A, B after Loesener.) 

The small family (II) Staphyleaceae is distinguished by its 
compound generally imparipinnate leaves. Staphylea contains 
eleven species distributed through the north temperate zone; several 
are known in cultivation. 

Family III. AQUIFOLIACEAE 

A small family of three genera and 300 species, almost wholly 
included in the genus Ilex. The plants are shrubs or trees having 
alternate simple leathery leaves with minute stipules. The in¬ 
florescence is a few-flowered axillary cyme. The small, regular 
flowers are bisexual or unisexual through abortion (the plants 



307 


AQUIFOLIACEAE 


being dioecious) and 3- to 6-merous. The Holly 
and many other species conform to the formula S4, P4, A4, ). 

The sepals are small, hypogynous and often persistent; the 
inconspicuous petals are free or connate at the base, hypogynous 
and deciduous. There is no disc ; the stamens are equal in number 
and alternate with the petals, to the extreme base of which they 
are attached. A rudimentary pistil occurs in the male dowers and 
staminodes with the form of stamens but with barren anthers in 
the female flowers. The ovary is superior, globular or ovoid in 



Fia. 150. lie.r nitida Maxim, 
bud, x 5. C. Flower, x 5. 
x 4. (From Flor. Jam.) 


A. Portion of flowering branch, x $. 
1). Ovary in vertical section, x 5. 


B. Flower- 
E. Pyrene, 


form, often four-celled, with one or two pendulous ««tropo 
ovules springing from the inner angle of each chamber. The sty lo 
is absent or short; the stigma lohed or capitate. The fruit is a 
drupe with often four stones (pyrenes). The embryo » very am 
at the top of a copious fleshy endosperm, and has the radicle 

P °0^rB^h species is the Holly which grows wild from 
southern Norway to central Turkey and from England through 
Central Europe to the Caucasus and northern Persia The chief 
centre of distribution of the genus is in Central and South America, 
Asia has about half as many species; Africa, Australia and Europe 


20-2 
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a few only. The leaves and small twigs of the South American 
Ilex paraguariensis are the source of Paraguay tea or Mate. 

The family contains also two other genera closely allied to Ilex 

_ Nemopanthes, with one species in the mountains of eastern 

North America, distinguished from Ilex by having linear petals 
free from each other and from the stamens, and Phelline, dis¬ 
tinguished by the valvate aestivation of the corolla and the lobed 
fruit, with several species in New Caledonia. 

Family IV. EMPETRACEAE 

A small family of doubtful affinity containing a few species in 
frigid and temperate zones. The plants are small heath-like shrubs 
with linear strongly rovolute exstipulate leaves and small uni¬ 
sexual regular flowers in few-flowered heads. The flowers have 
generally rudiments of the aborted stamens or pistil. They are 
trimerous or dimerous, sepals, petals and free stamens alternating 
regularly. There is no disc. The pistil consists of a two-, three- 
or six- to nine-chambered superior ovary, bearing a short style 
with as many branches; each chamber contains a single ovule 
borne erect on the central placenta with a ventral raphe and a 
single integument. The fruit is a drupe with the same number of 
stones as carpels. The embryo lies in the axis of a fleshy endosperm. 

Em pel r u m nigrum (Crowberry) has a circumpolar distribution, 
in Arctic and subarctic regions, and occurs on tho high moors of 
Central Europe and Siberia and in tho mountains of the north 
temperate zone. Closely allied species occur in the Andes of Chile, 
and in Antarctic America and Tristan d'Acunha. 

The structure of the leaves, which have a well-developed cuticle 
on tho upper outer face while the stomata are contained in the 
deep groove lined with hairs formed by the rolled-back margins, 
is well adapted to xerophytic conditions. 

Order 13. RHA MX A LES 

Flowers as in Celastrales but with a marked tendency to 
unisexuality by abortion, and to perigvny or epigjmy. The 
single whorl of stamens is antepetalous. Petals small some¬ 
times united at the base or above, sometimes absent. Intra- 
staminal disc well-developed. Carpels five to two (rarely 
more), united, ovary with as many chambers, each containing 
one to two ascending ovules with a dorsal, lateral or ventral 
raphe and two integuments. Embryo filling the seed or 
surrounded by endosperm. 
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Shrubs or trees, often banes, with simple or palmately 

compound leaves, and small inconspicuous 

Probably a parallel series with the Celastrales. Each may 
be regarded L derived from some diplostemonous type 
resembling the Rutales, the antepetalous or antesepalou, 

whorl having disappeared. 

Family I. RHAMNACEAE 

Contains about 45 genera with 500 species, and occurs m 
all parts of the world in which climatic conditions allow of tl 
vrowth of woody plants. Rhamnns, two species of w Inch are 
f^e representatives of the family in the British flora, is the 

ranean region and^.s wanting ^ but spreads 

intone Mediterranean region, Africa, Austrahaand 
America; the stipules arc oftenthorny - m - C ^ ■ 

those of Z indffum occu^in commer , h hout 

Most of the other genera are 

"itSor trees, often spiny and sometimes 

and usually enc os flowers are perigynous or 

however, sometimes absent, The int ra- 

epigynous and there g & ^ (sometime s two- or 

IT) celled ovary wh^h is superior or inferior according to 

integuments. Entomophilous pollination is indicated by 
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disc on which nectar is secreted. Hymenoptera and Diptera 
have been noted as visitors to Rhamnus Frangula and Paliurus 
aculeatus, which are proterandrous. 

The fruit assumes various forms, the pericarp being adapted 
in different ways to facilitating distribution of the seed. 
Nearly all the genera fall under one of the following types. 
In Rhamnus and many other genera the fruit is a drupe with 
two to four stones. In others it is dry and separates elastically 
into mericarps, thereby flinging out the seeds. Or wind may 



Flu. 151. Rhamnus cathartieus. A. Male flower in vertical section* x 5. B. Female 
dower in vertical section, x 6. C. Fruit, x 2$. D. Fruit cut across, showing 
the one-seeded stones. (A, B, C after Weberbauer; D after Wettsteim) 

be the agent of dispersal, the indehiscent pericarp forming a 
large vertical or horizontal ( Paliurus ) wing, or splitting into 
several winged mericarps. The large straight embryo consists 
chiefly of the two flat or concave greenish cotyledons, the 
radicle and plumule being small. It may occupy the whole 
interior of the seed but is usually surrounded by a thin layer 
of endosperm. An aril is occasionally present but only in the 
monotypic Australian and Polynesian genus Alpliitonia is it 
large and brightly coloured. 

Of our two British species, Rhamnus catharticus (Buckthorn) 
grows from Westmorland southward, chiefly on chalk; it occurs 
through the north temperate zone of the Old World and in North 
Africa. R. Frangula has a similar distribution but grows wild in 
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Scotland; the wood yields a fine charcoal and is known by gun- 

powder-makers as Dogwood. ovtratropical South 

The tribe Colleiieae, a group mainly of ^tratropie 

American genera, are shrubs with 

flattened spines, and small ea\ ^ '' h grown as ornamental 

and stalk. 

Family II. VITACEAE 

A generally distributed mainly tropical and subtropical 

‘hrubsdo lv aTltdt Rhamnaceae, having a similar flora. 
Te ry It t ed however m di^inguished by the climbing habit, 

SKS 

b^The'leave^are'^catte^ed^and'^tipiilate 0 sometimes palini- 

^SSsSSSSS? 

rS 

has been pushed aside by the strong g 

home in the axil of the oppose!Ueah ^^ 

is therefore a fi 152 A ) and structures which 

■ Brandt Max, •‘TJntonmchungcn abrr dan Sprosaaafbau dor V.taccan. 
Engfj. Bal. JdX xnv, 509-5911 ,1911). 
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coiling or by the development of cushion-like adhesive discs 
as in the so-called “ Ampelopsis Veitchii a favourite wall- 
climber. 

The small greenish flowers are borne in compound dichasial 
inflorescences, or in panicles passing in the ultimate branches 
into dichasia. In Pterisaiithes (south tropical Asia) the 



Fi(i. 1.12. Cissmt mirrocar/fo. A. Leaf and inflorescence, x j. B. Flower bud. x 4. 
(\ Flower, x 5. I). Flower with j>etals removed in vertical section, x 11. 
E. Ovary cut across, x II. F. Fruit, x 2. (5. Same cut lengthwise shewing 
seed with ruminated endosperm and small basal embryo. (From Flor. Jam.) 

inflorescence axis or its branches are flat and ribbon-like, 
bearing the generally stalked male flowers on the edges and 
the bisexual, or apparently bisexual, flowers sunk on both 
faces. The calyx is usually only very slightly developed, often 
forming merely a ring round the base of the corolla. The 
petals often fall off like a cap when the flower opens. There 
is no trace of an antesepalous whorl of stamens. The stamens 
are free, except in Leea, where they are joined at the base to 
form a tube which is united to the base of the corolla. The 
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anthers are introrse. Inside the androecium is a well- 
developed glandular disc, varying in form in different groups 
of species, by which the pistil is more or less surrounde h 
The two carpels (three to eight in Leea) are joined anI contam 
as many chambers, in each of which are generally two 
collateral anatropoos ovules (rarely only one) ^ecnding rom 
the base of the chamber, with a ventral raphe and a downward 
pointing micropyle. The short or long style bears generally 

11 ThewilTspecies of I 'ilia are polygamo-dioecious, that is, 
one plant bears flowers which are functionally male only 
another flowers which are functionally female only In many 
of the cultivated forms the male flow-ers are also fertde^ 
According to Rathay, the glandular disc in It ft* 
secretes little or no nectar and is merely a scent-organ and 
Loew considers that this species is derived from ento.no- 
phUous ancestors but has gradually with 

and andro-dioecious differentiation, become mom and more 
anemophilous. In many other members of 

mophily is certainly prevalent; for instance n many spec.es 
of Cissus a large amount of nectar ,s sc<:rcte, n hc d. e. 

The fruit is very uniform fonning a more- > 

rcZlccoT co°at They a're well adapted for distribution 
by birds which eat the fruit and drop the seeds undamaged. 
The endosperm, which contains oil and is gencia > lll,n 
surrounds the small axile embryo. 

The species are 

‘be Hi^ ***- 

and also in the South American Z v^ta.ive 

Ci«« form typical steppe- anddesert plaifls ^ wat f r . reser . 

portions becoming more or less fleshy } intorno des of 

voire. In many the root is leaves. In 

the stem are fleshy and swollen, m othe fe ^ tendrils. A 
many case** the fleshy stem is erect “ZZZikZianZofthe 
remarkable development occu loafiess The 30 species 

African steppes which are * ™>st °r qu.‘^^Hhern hemisphere, 
of Vilie are temperate to subtropic Grape-vine, is 

chiefly American and Eat*t Asiatic. V.tn if > 



314 


FLOWERING PLANTS 


wild in the Mediterranean region, spreading eastward to the 
Caucasus and northward to the Rhine valley, but Engler has 
recently shewn that it was formerly, in prehistoric times, wild 
throughout the south of Europe and in part of Central Europe. 
The European cultivated Vine consists of numerous forms of 
V. vinifera. In the Eastern United States native species, chiefly 
V. Labrusca (Fox-grape), have been cultivated and recently some 
of the American varieties have been introduced into Europe to 
serve as stocks for the better European varieties as they are more 
resistant to the attacks of the Phylloxera. 

Dried currants are the dried fruit of a seedless variety of the 
grape-vine which is cultivated in various parts of Greece. Thej r 
were originally brought from Corinth, whence their name. Raisins 
are the dried fruits of certain varieties, comparatively rich in 
sugar, which grow principally in the warm climate of the Mediter¬ 
ranean coasts. 


Order 14. ROSALES 

Flowers bisexual, rarely unisexual by abortion, generally 
cyclic, regular to zygomorphic, hypogynous to epigynous, 
usually pentamerous with frequent increase in the number 
of stamens and decrease in the number of carpels. Sepals 
and petals generally free, stamens free or sometimes united. 
Carpels free or united, but styles generally free; ovules 
numerous, more rarely few, generally anatropous and in¬ 
serted on the ventral suture or on thick marginal or axile 
placentas; integuments two, sometimes single. Seeds large 
or small with or without endosperm. 

The floral axis is often more or less hollowed so that the 
insertion of the sepals, petals and stamens is perigynous; 
epigyny may result from the union of the floral axis with the 
sunken ovaries. 

Plants of very different habit. Leaves simple or compound, 
with or without stipules. 

A very natural group the families in which are connected 
by transitional forms. Two tendencies are noticeable, the 
passage of the regular into the zygomorphic flower and of 
the hypogynous into the epigynous flower. The family 
Podostemaceae is remarkable for the striking adaptation of 
its vegetative organs to life in rapidly flowing water. 
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Family I. CRASSELACEAE 

Flowers bisexual, actinomorphic, generally 5-merous, but 
varying from 3- to 30-merous. Pistil isomerous with the 
calyxfnd corolla; carpels free or united below, generally 
bearing a scale-like glandular appendage at the base, 
generally numerous in two rows on the ventral su ure more 
rarely few or solitary. Fruit generally of follicles. Seeds 
minute; endosperm much reduced or absent. 

* t 
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may fail. Many species of Crassula and others have flat and 
only slightly fleshy leaves, while Penthorum (three species 
from N.E. America, China and Japan) with membranous 
leaves and no carpellary appendages may be put in either 
family; Van Tieghem has regarded it as the type of a distinct 
family, Penthoraceae. It has the characteristic isomerous pistil 
of Crassulaceae, but this occurs exceptionally in Saxifragaceae. 

So deeply impressed has the fleshy habit become that it 
extends to the cotyledons, which appear above ground as a 
pair of succulent green leaves. The plants are generally 
perennial and shew marked adaptation for life in dry and 
exposed positions. The fleshy leaves are often reduced to a 
more or less cylindrical or subulate form as in species of 
Sedurn (Stone-crop). In other cases they form closely crowded 
radical rosettes as in House-leek (Sempervivum). The bulk 
of the tissue is parenchymatous with a copious sap rich in 
calcium oxalate and free organic acids. Mechanical and 
conducting elements are poorly developed. Transpiration is 
also checked by the secretion of a layer of wax on the 
epidermis giving a glaucous appearance to the plant, and by 
sinking of the stomata below the general level. Most members 

in tannin, which occurs generally in 
the parenchymatous tissues, or more or less localised in spots 
characteristic of definite species. Means of vegetative pro¬ 
pagation are general. Many species spread by a creeping 
branched rhizome, the branches giving rise to new individuals 
by death of tho older parts. Others, such as House-leek, have 
a more specialised means, sending out runners (offsets) which 
perish after producing a new terminal rosette of leaves; or 
bulbils may be formed. In Serf it tn dasyphyllurn the formation 
of separating leaf-rosettes in place of flowers has been 
observed. In some cases small portions of the stem or leaves 
give rise to new plants by adventitious budding; as in Bryo- 
p/nyllum , where adventitious buds spring from the edge of 
the leaf and develop into new plantlets. 

I he dowel's are generally arranged in C 3 Tnose inflorescences 
at the end of the leaf-shoot, or in lateral cymes. They form 
dichasia with a tendency to pass into monochasia, or are 
Purely monochasial. Dichasia and monochasia may be 
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arranged in racemes, corymbs, umbels or panicles. In Coty¬ 
ledon the flowers form terminal spikes or racemes, well seen in 
C. Umbilicus (Penny-cakes, Navelwort), with round peltate 
leaves, which grows on dry rocks and walls, especially on the 
west coasts of Great Britain. Both bracteoles of the flower are 
present, or the sterile one is less developed or suppressed, 
or both are absent. 

The flowers are markedly regular and isomerous, though 
the number of parts is very varied and not constant even in 
the same species, sometimes varying even on the same 
plant, while in one and the same genus wide differences 
occur. Thus in Sempervivum the flowers are from 0- to 
30-merous. In Sedum the number of parts varies from three 
to seven ; of our British species, S. Rhodiola has 4 -merous 
flowers, which are dioecious with petals smaller or wanting 
in the female; in S. Telephium they are 5-merous, in S. refiexum 
often 6-merous. In Cotyledon the number varies from five 
to six, in Crassula from three to nine, in Roc hen pentamery 
is constant, and in Bryophyllum (fig. 154) and Kalancioe 
tetramery. The sepals are generally free or nearly free, nut 
are united almost to the tip in Bryophyllum. The petals are 
hypogynous or shortly perigynous, and are free, 01 u in tec 
only at the base, except in a few genera such as Cotyledon, 
Kalanchoe and Bryophyllum where they form a tube. 

In Crassula and some species of Cotyledon , there* are five 
stamens alternating with the petals. Often, however, an 
inner antepetalous whorl is present as in most species of 
Sedum and Cotyledon (e.g. C. Umbilicus). In some species of 

Sempervivum the inner whorl is sterile. 

When the corolla is polypetalous the stamens are hypo¬ 
gynous or slightly perigynous, in gamopetalous flowers they 
are situated on the corolla-tube (fig. 134, B), the antepetalous 
slightly above the antesepalous. Except in a Mexican species 
of Cotyledon they are free. The carpels are free or sometimes 
united at the base; the styles are free. The hypogynous scales 
which correspond in number with the carpels and are regarc i< 
as appendages of these, generally function as nectaries, ut 
in Monauthes, a small genus in the Canary Islands and Morocco, 
they are large and petaloid. 
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Proterandry prevails among the majority of the Crassulaeeae. 
In flat open flowers, such as Sedum acre, a great variety of insects 
can reach the nectar; the number becomes more restricted where 
the flower is less open or where, as in Cotyledon and BryophylXum , 
the corolla is tubular. According to Delpino, the richly nectar- 
bearing hanging flowers of B. pinnatum are pollinated by the help 
of humming-birds. In the golden-yellow flowers of Sedum acre the 
five antesepalous stamens stand erect in the fully opened flower 
and shed their pollen, the antepetalous are bent outwards and 
closed while the stigmas are not mature. As the stamens of the 
outer whorl wither the antepetalous take their place in the 



Fi<!. 154. Iinjophyllum pinnatum. A. Inflorescence and leaf, x B. Flower 
cut lengthwise, nat. size; w, scale. C. Ovary cut across, x 3.' D. Seed 
cut open showing emhryo, x 40; c, cotyledon; r, radicle. (After Flor. Jam.) 

centre and dehisce, and the full development of the stigmas soon 
follows. In sunny weather, when plenty of insects are about, the 
pollen is removed before the stigmas are ready to be pollinated; 
but in dull weather, pollen remains on the anthers of the inner 
whorl till the stigmas are ripe, so that self-pollination is possible. 
In Sedum album chances of self-pollination are almost excluded 
by a still more marked proterandry, while other species are more 
or less proterogynous. 


In the fruiting stage the follicles are often united at the 


base, thus forming a transition to the capsular fruit which 
occurs in a few genera. The minute seeds are suited for wind- 


distribution. 
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Crassulaceae are almost entirely absent from Australia and 
Polynesia, and but few occur in South America, otherwi> 
are very generally distributed. Sedum, the largest genus, contains 
about 140 species in temperate and cold parts of the northern 
hemisphere, chiefly in the Old World; one species oecurs m the 
Peruvian Andes. Crassula has 300 species chiefly at theCapc^ 
the section T iUaeaoidcnc, which is often separatedlas;a d.stm ct 
genus Tillae/i, is, however, ubiquitous; to it IIk- o»gs IT 
of our British flora, a rare annual on sandy heaths Co^ou h^ 

90 species in Africa (chiefly south). /West ^ Sout^Europe, 

temperate Asia as far as iea S in the mountains 

few species). Sempervivum has about 75 species Himalayas 

of Central an<l South Europe the Caucasus.the 

Abyssinia anil the Canaries and Madeira, in riorum is a 

especially developed. The common House-leek, A- 18 » 

native of Central and southern Europe KaUinchoe (100 spe^u .) 
is especially a tropical African and Malagasy genus but. sp™ 
through the tropics of the Old World and into South Africa Om 
species, K. brasiliensis. occurs in Brazil. but ,s ate-found in the 
East Indies and tropical Africa. Bryophynum ; hasi more than 
20 species in Madagascar, one of which, B. pinnatum ■ 

warmer parts of both the east and west hemispheres. 
small South African genus known m cultivation. Four 
tain one or a few species only in Turkestan, S ’ . N R 

and Sikkim respectively, and Penthorum '' B r \t a in l»v 

America, China and Japan. The family is represente1m 
nine species of Sedum, Tillacu muscosa and a,wt(ioi a ^ 7 
Umbilicus ; the House-leek, Sempervwum ledorum , is not i g 

Family CEPHALOTACEAE. See Appendix 

Family II. SAXIFRAGACEAE 

Flowers usually bisexual, typically dieWamydeous, and 

actinomorphic. Floral receptacle polymorphic ■" " Cenoral 

degree between hypogyny and epigyny of the flower- 
formula S5 P5, A5 + 5 or 5 + 0, G (2). The swollen placentas 

bear sev'erai rows of anatropous ovules which "-e soiuetimes 
only one integument. Fruit a capsule or berry• •h 1 * 11 

with a copious endosperm surrounding a sir , 

Mostly herbs with alternate, more rarely opposite leave. - 
and generally small or moderate-sized flowers m various 

inflorescences. , ... , * 

Genera 80; species about 1100. Cosmopolitan but having 

its greatest development in temperate regions. 
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The vegetative organs shew great variety, affording nothing 
that we can regard as strikingly characteristic of the family. 
The greater number of the species are perennial herbs; such, 
for instance, as nearly all our native Saxifrages, species of 
Chrysosplenium, and all the species of Parnassian annuals 
are less frequent, as species of Saxifraga , Chrysosplenium and 
others. Several genera are shrubby, such as Ribes (Currant 
and Gooseberry), Philadelphus (Mock Orange), Hydrangea 
and Escallonia ; trees also occur. 

The leaves are of very various forms, and stipules may be 
present or absent in closely allied genera and even in the 
same genus. Similarly there are no widely characteristic 
anatomical features, though investigation shews minor points 
of interest. Thus all the species of Saxifraga are said to have 
a well-marked endodermis in the stem; this is also present in 
Chrysosplenium but absent in Astilbe, Heuchera and others. 
It has been found also that in many cases sections of Saxi¬ 
fraga and allied genera which have been founded on differences 
in the structure of the flower and the form of the leaf also shew 
anatomical differences such as presence or absence of a ring of 
sclerenchyma. The form of the hairs is a help in distinguishing 
sections, genera and even subfamilies. The Escallonioideae, 
for instance, generally have one-celled hairs, the Saxifragoideae 
several-celled. Water-pores, often exuding a chalk-secretion, 
occur on the edges of the leaves, especially in species of 
Saxifraga. Vegetative propagation is well marked in certain 
Saxifrages; for instance, by production of bulbils in the leaf- 
axils as in S. bulbifera and others, or by long slender stolons 
as in S.Magellan's and 5. sarmentosa (the commonly cultivated 
pot-plant known as Mother-of-thousands) bearing small 
terminal leaf-rosettes. In S. stellaris var. comosa adventitious 
buds are developed in the inflorescence. 

The inflorescence is very varied. In many genera, as Ribes 
and Escallonia , it is a raceme, the two bracteoles are generally 
present and compound inflorescences arise by production of 
branches in the axil of one or both bracteoles. The lateral 
branches often develop as dichasial cymes, as in Chryso- 
splenium , where the same arrangement holds throughout; 
generally in the ultimate branchings one bracteole only of 
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each pair is fertile and monochasia are formed^ In 
the branching is monochasial from the first- 
spreading inflorescence in Hydrangea (fig. 155) is ma eupj 
dichasia with monochasial endings. In the s ' 

American genus PhyUcnoma the cymose inflorescence sp g 
from the upper surface of the leaf. In the great majontyof 
thegeneratheflower is pentamerous with generally a reduction 

to two in the gynoecium. The two carpels -e median m 
Ribes (fig. 157), Escallonia and others, but more o 




Fits. 153- Hydrangea hortensia. A '. J >l ^' l h 5 >f , l and°mic "is' shewn in detail in B. 
branches are elaborated and the ng dichawum (on the opposite 

The large sterile flower, s. ««monochasial. The branch 

side of wic axis) the lateral branch^ m Uu . axiU a ( the upper pair 

,h. main axis above .heir insertion, 
lying'm "he'plan, of the first-developed sepal (fig. l^): 

srtii ttVt 9 ^ ® s v 

tetramerous throughout, but the arrangement »i not com,ta , 

nentamery occasionally occurring m one and 

species. Philadelphus (Mock Orange) has a tetramerous ca > x 

corolla and gynoecium, but indefinite '' n 

mery of the androecium arises, according to 1» . 

splitting of four rudiments alternating with the petals. ^ 
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Instances of suppression are found in apetalous and uni¬ 
sexual flowers. The latter occur in Astilbe and are frequent 
at the periphery of the large inflorescence of Hydrangea and 
its allies. Ribes alpinum and allied species are dioecious. In 
Saxifraga sarmentosa the flowers become zygomorphic by 
increase in size of two adjacent petals. The position of the 
carpels relative to the other whorls varies with the shape of 
the thalamus and is not constant in the same genus. The 
carpels are sometimes free (species of Astilbe) though this is 
rarely the case, and generally when superior they are united 
below and free above. It is interesting to note the occurrence 
in a single genus, Saxifraga , of hypogyny, perigyny and 
epigyny. Its 320 species are divided into 15 sections 1 . Two 
of these, Hirculus and Robertsonia, are characterised by a 
flat thalamus; the former is represented in our flora by the 




Fig. 150. Saxifraga granulata . A. Flower in vertical section, enlarged (after 
Warming). H. Floral diagram (after Eichler); 1, the first developed sepal. 


rare S. Hirculus , the latter by <S. umbrosa (London Pride), 
S. Geum (south and west Ireland) and other closely allied 
species. Another section ( Trachyphyllutn ), to which belongs 
S. aizoides , an alpine species (British), has the torus flat, cup¬ 
shaped or bowl-shaped. In the rest, comprising by far the 
greater number of species, the receptacle is more or less 
concave and coherent with the ovary. In Francoa there are 
large outgrowths of the thalamus, functioning as nectaries, 
between the stamens, while in some sections of Saxifraga , and 
in Escallonia, the inferior ovary bears epigynous discs which 
have a similar function. In Ribes the small sepals and petals 
and the stamens are borne on the edge of a frequently 

1 Englcr and Irmischcr, Pflanzcurcieh, 191G-19 (Saxifraga). 
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petaloid prolongation of the receptacle above the top of the 
inferior ovary (fig. 157). 

Contrasting with this great variety in position °f the ovary 
and adhesion of the carpels a very constant character is 
afforded by the generally swollen placentas bearing several 
roZ ot an y atropo g us ovules. The position of the placenta is 
parietal or axile, differing often in nearly-allied genera 
Lording as the edges of the carpellary leaves pro■ ec 1* or 
more towards the centre of the ovary. Occasionally they are 
developed only at the base of the ovary-chamber, and 
Escallonia are remarkable in hanging from the «pex. 

Pollination is effected by the help of insects which are 
induced to visit the flowers for the nectar secreted on the 
thalamus or, in epigynous flowers, on the top of the ovary 
In Parnassia the fimbriated staminodes bear a pair of Ha 




nectaries on the surface facing the ovary. The petals are 
mostly white, sometimes yellow or reddish, and are generally 
rendered more conspicuous by association of several or many 
fkiwers in the inflorescence. In Hydrangea and its allies the 
peripheral flowers of the head are large and sterile, while the 
fertile flowers are much less conspicuous; where, as in 
Clmisosplenium (Golden Saxifrage), the petals are suppresse . 
SeLTvxTs light-coloured. According to Engler, homogamy 
or proterogyny are most common. Of the Saxifrages, however 
three species are strikingly proterogynous, S. opposilifoha and 
S tridLtylite* (both British) are sometimes proterogynous, 
sometimes proterandrous, while the rest so far as the phe¬ 
nomenon has been studied, are proterandrous. Pamass,a 

21-2 
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stri kingly proterandrous. In Ribes, the Red and Black Currants 
( R. rubrum and R. nigrum) are homogamous, while Gooseberry 
( R. Grossularia) is proterandrous. 

Most of the ovules develop into seeds, and the fruit is a 
capsule. Some genera, however, produce berries, such as 
the Currant and Gooseberry, where the seeds have a succulent 
outer coat. The seeds are generally small with a copious 
endosperm surrounding a small embryo. 

Engler recognises seven subfamilies, the characters, geographical 
distribution and principal genera of which are as follows: 



Saxifragoideae. Herbs; leaves generally alternate without 
stipules or with stipule-like outgrowths of the sheath. Calyx 
and corolla generally pentamerous, more rarely tetramerous. 
Pistil of two, more rarely three to four, carpels; ovary one- 
to four-celled, superior to inferior. About 33 genera with 
about (i(K) sjx*cies distributed through the Arctic and north 
temperate zone, often alpine. In America they stretch down the 
western mountain chain to the Andes, Southern Chile and Cape 
Horn. The small genus Vahlia occurs in subtropical and tropical 
Africa and Asia. Saxifraga is by far the largest genus; its 
320 species are distributed over the mountains of the Arctic and 
north temperate zone, and found also in the Andes; fifteen 


species are British. Chrysosplenium has 85 species; its distribu¬ 
tion is very similar to that of Saxifraga. Heuchern has about 


•>0 species in North America and the mountains of Mexico. 


Pamn.sxin has 50 species in the extratropical regions of the 
northern hemisphere, especially in mountain meadows. P. palus- 
In.i (Grass of Parnassus) occurs in wet moors and bogs. Astilbe 
japonic a is a common ornamental plant. The genus contains 
about 24 species in the Himalayas, Eastern Asia, and south¬ 


eastern North America. The remaining genera are small and 
generally confined to limited areas. 


The genus Purnaxsia, characterised by its conspicuous whorl 
of staminodes and ovary with three to four parietal 
placentas, is somewhat anomalous in the subfamily. It 
has been included in Droseraeeae by some botanists and 
Lula Pace (Hot. Gaz. liv, p. 306) finds it more closely related 
with this family in the characters of ovule and embryo-sac 
development. Diels, the monographer of Droseraeeae in 
the Pflanzenreich, refuses to admit it in that family, and the 


position adopted here is that favoured by Bentham and 
Hooker (Genera Plantarum) ami Engler ( PJIanzenfamilien ). 
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II. Francooideae. Perennial herbs with radical leaves and a 
sc ape with a racemose or spicate inflorescence Flowers normally 
tetramerous. Two small genera, Francoa and Tetilla, from 
mountains of Chile. Francoa is cultivated. 

III. HydRANGEOIDEAE. Shrubs or trees with simple, g™«« l| y 
opposite, exstipulate leaves. Perianth generally penta "i™ s ' 
Stamens generally epigynous. Ovary half-inferior or inferior, 
generally^three- to five-celled. About 19 genera with about 
iso species chiefly in temperate North America ami Eastern 
Asia. Philadelphia, Deutzia ami Hydrangea are the Jargest 
genera, ami are all well known in cultivation Plnladelphu* 
coronarius is the sweet-scented shrub known popularly as Si ring 
or Mock Orange. 

TV Pterostemonoideae. Shrubs with alternate simple leaves 
with small stipules. Ovary inferior, five-celled, with a feu 
ovules on the axile placenta. One genus IPteroslemoa) with 
two species from the highlands of Mexico. 

V Escallonioideae. Generally shrubs, or trees with simple, 
alternate, often leathery and glandular-toothed, exstipulate 
leaves. Stamens isomerous with the corolla^ Ovarj supenor to 
inferior; ovules with a single integument. About 21 genera u 
about 100 species, half of which belong to Eacalloma, a South 
American genus found chiefly on the Andes and mountains of 
Southern Brazil; E. rubra and E. macranlha are cultivated as 
ornamental plants. The rest are small (often monotype) genera , 
several have a restricted distribution in the southern hemi¬ 
sphere. PhylUmoma occurs in New Granada and Mexico 
Polyosma spreads from India to tropical Australia, am l Ilea 
occurs in the warmer parts of Eastern Asia and on the Atlantic 

side of North America. 

VI. Ribesioideae. Shrubs with simple alternate, exstipulate 
leaves, and racemed haplostemonous flowers. Ovar\ inferior 
one-celled, with two parietal placentas. Fruit a berry. One 
genus, Ribes, with about 130 species in the north temperate 
/.one, the mountains of Central America and along the Ande> 
to the Strait of Magellan. Four are British— R. Grossulana 
(Gooseberry), with spinous branches and one- to three-flowered 
peduncles, native in the north of England, and R. alpmum, 
R. rubmm, and R. nigrum , with branches not spinous and many- 
flowered racemes, natives in parts of England and in Scotland. 
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R. aureum and R. sanguineum, natives of North-west America, 
are spring-flowering ornamental bushes. 

VII. Baueroideae. Shrubs with opposite trifoliolate exstipu- 
late leaves, and solitary axillary flowers. Ovary half-inferior 
with two parietal placentas and numerous ovules. Fruit a 
loculicidal capsule. One genus, Bauera, with three species in 
New South Wales and Tasmania. 

These subfamilies are sometimes separated as distinct families. 
It is, however, more instructive to group them together under 
Saxifragaceae, which thus affords a good example of variation 
among groups obviously very closely allied. 

Allied to the Saxifragaceae is the small family (III) Cunoniaceae, 
which consists of woody plants with opposite or whorled stipulate 
leaves, and small flowers crowded in heads or in racemose or pani¬ 
culate inflorescences. The flowers resemble those of Saxifragaceae 
but the ovules are arranged in two series in each chamber of the 
bilocular ovary. The 25 genera contain about 240 species, more 
than half of which belong to 1 Veimnannia, and are almost confined 
to the southern hemisphere. 

Family IV. PITTOSPORACEAE 

A small family 1 occurring in the warmer parts of the Old World 
and specially developed in Australia. It is closely allied to the 
subfamily Escallonioideao of Saxifragaceae, from which it is 
distinguished by an anatomical character, the presence of schizo- 
gcnous resin-passages in the cortex. They are woody plants 
sometimes climbing, with alternate generally leathery exstipulate 
leaves. The showy flowers are bisexual, generally regular, and 
conform to the formula So, P5, Ao, G(2). The petals are sometimes 
connate below, forming a more or less tubular corolla. The stamens 
are inserted below the ovary; three to five carpels are sometimes 
present and the ovary is one- to several-chambered. The ovules 
are generally numerous and inserted in two rows on the parietal 
or axile placentas: they are anatropous and have a single integu¬ 
ment. The fruit is a capsule or a berry. The small embryo is 
excentrieally placed in the copious hard endosperm. Species of 
Pittosporum and other genera arc grown as greenhouse plants. 

Family V. PODOSTEMACEAE 

A small family (43 genera, about 130 species) of submerged 
herbs highly modified in association with their aquatic habit. They 
are widely distributed in the tropics, growing attached by special 
organs (haptera) to stones or rocks in rapidly flowing water. 

1 About 200 in 9 Rcnem, I'ithhsjmrum includes 160. 
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Th „ characteristic feature of the plants is the green dorsiventral 
iWUcl.kr structure, shoving wonderful tunet u 

~~-S= a: a23=£S5 a£ 

irFB =Hf Slris^-z ss 

or Podostemum Ceratophyllum (fig. \oS,J >’ covered 

?he°sZc^e of The vascular cylinder - f 

American forms. In the Indian ro<iosi remarka ble collen- 

r^s^Tf^r (Willis,,,^ e ]n"id ( e fi . g y dn?,inilnd 

MfUh^ they are Hat and expanded, oftenjalely e ^ 

Errs.” 5 rss. riH'si-ss 

bd s -lx 

—- r, - 

genously but "'^^XTing ami increase in importance of the 
apical growth, lhis nattem g „ rtmr , ftn iprl hv ereat reduction 
thallus as an assimilatory organ is ac P ^ Tristicha these 

in the importance of manpower*; in 

are largo and th e y ar( . short, more or less prostrate 

Pcxloatemum and Hydrobrj y w hile in 

though branched and bear a few 

fifes 

a terminal flower. nrimarv axis and the 

J^r^Tn^^S & ^ — and 
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very delicate, recalling the leaves of a moss; in the Indian species of 
Podoatcinum they are simple and usually subulate or linear, generally 



l' "'- *; ,K - A '»><{>“ CtratophyUum. A shoot from which springs a long 

creeping root, hearing new shoots above, s'. and haptera below. /iT 
/. o« cr; x 1 j. B. M our era M eddeUiann. A creeping rhizome-like axis 
bcan.ui large much-cut leaves and erect flowering shoots, the flowers bein ' 
carried up almve the snathes on long pedicels: x i. C. Flower of same, x 21; 
/'• pcriunth. (A after Warming; B after Bail loin) 


very small, hut in Mourera and other South American genera they 
are often very large and exhibit forms like those of many marine 
Algae (fig. l.»8, B). The leaf-base is slightly sheathing in the 
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vegetative stage, but during development of the flower becomes 
much enlarged, forming a sheathing scaly bract while the tip falls 
away. The leaves are generally arranged in two rows on the 
secondary shoots; the arrangement on the primary axis is more 

complex. . 

The fixing organs (haptera) are generally formed exogenously 

from the surface tissues of thallus or shoot and have a growing 

point rather like that of the roots. On reaching the substratum 

they flatten out upon it. 

The internal structure consists of fairly uniform parenchyma 
generally without intercellular spaces, often collenchymatous, 
especially in the neighbourhood of the scattered simple conducting 
bundles. In the latter the xylem is much reduced, the bast on the 
other hand, contains broad sieve-tubes and companion-cells, lhe 
absence of intercellular spaces is explained by Goebel as correlated 
with the habitat in rapidly moving well-aerated water; large 
intercellular spaces to carry oxygen to lower portions m mud 
or stagnant water being unnecessary. In many species silica is 
secreted, often in considerable quantities, in the peripheral portions, 
and acts as a protection against drying up when the plants are 

exposed by fall in level of the water. 

The very small bisexual flowers are borne in cymose inflores¬ 
cences (fig. 158, B) or are solitary and terminal. In the most ]>erfect 
form the flower is regular with a perianth of three to five free or more 
or less united leaves (fig. 159, B). In others the protecting perianth 
is replaced by a spathe and the perianth is represented by a ring of 
small scales (fig. 158, C). In these cases the flowem are as in the 
former, entomophilous and carried on a long stalk above the water- 
level. The hypogynous stamens are in one or several whorls—with 
normal four-chambered introrse anthers—and there is a sym¬ 
metrical pistil of three or two carpels united to form a three-, two- 
or one-celled ovary, with as many free styles. From these forms 
can be traced a progressive series of reduction in the size and 
conspicuousness of the flowers which then become dependent on 
the wind or on self-pollination. This is accompanied by dorsiventral 
development owing to suppression of the perianth and the upper 
stamens. Finally in the Kupodoaltmene ( Dicram , Hydrobryum, 
Mniapsia, Podoatemum and allied genera) the flowers are small, 
markedly dorsiventral and commonly inverted within the spathe 
the perianth is absent or represented only by a pan o i l or in 
structures at the sides of the androecium, which is reduced to a 
single or forked stamen on the lower side of the ‘'ower, and the 
two lobes of the bicarpellary fruit arc unequal (hg. lo.l t , w, &)■ 
The numerous anatropous ovules are borne on a stout axiio 
placenta (fig. 159, B). The fruit is a capsule opening septifragally 
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containing generally very small seeds; the outer layer of the seed- 


coat is mucilaginous. The seed contains an embryo with two 
thick cotyledons (fig. 159, F). 



I-ic. 1;>9. A. Dicraca slylosa, numerous flowering shoots,/, are borne on the 
lower part of the branched ribbon-like thallus, x B. Flower of Wtdddina 
aquamulosa in vertical section, x 5. C. Mniopsis Saldanhana, apex of shoot 
nearing a flower, subtended by two leaves, from the sheath of the upper leaf 
springs a lateral shoot, s\ b, spathe; g, the projecting styles; x 8. D. Flower 
» ®® ca P* n f? from the spathe. x 8. E. Hydrobryum olivaceum. 
he flat thallus bears short shoots with a few closely appressed leaves and 
'i « rmm ° ,,°' vir , : , s P at h e oj>ens laterally to release the stalked flower: 

l, flower still enclosed in spathe; 2, flowers after escaping from the spathe; 
'. fruit; 4, the smaller valve of the fruit has fallen and the seeds have been 
scattered; x 2A F. Seed cut open shewing embryo, x 33. (A, C, D after 
Warming; B after Baillon.) ' 

1 he opening of the flowers and shedding of the seeds coincide 
\vith the fall of the water and the consequent exposure of the 
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„ lant the vegetative portions of which may perish. The flower 
areWcluj^hose of a land plant, and the seed has no 

special adaptation for dissemination by bu^by“hiTe'et 

character of the outer seed-coat favours distribution by the 

of wading birds to which the seed may cling. 

W Magnus( 3 ) has studied the embryology in h% e specif, 1 

senting afmany genera, and finds that. 

^ ferdlisa^ionthe enthryo breaks through 

the embryo-sac and by means of a long suspensor passes 1 ^ 

nucellar cavity, and then sends out a lar g« 1,a “‘ dij J. t feetling 
tissues of the funicle and outer integument. , . 

ofthe embryo probably accounts for the raptd npemng of the 

sdion^o/t^e^Fodostemarcae. Warming, i^eganl's the "family 
Ernest nearly allied to the Saxifragacea^withjvhmh^tm^m 

SSSJUESnt StS s. -i.»»“ ..- 

accepted. 

REFERENCES 

m Warming E. “Podostemaccac” in PflanzenfamiHen, ill, 2a (1891). 

stemaccae of Ceylon and Indi . habitat, etc,)• Alson. 1H1 in 

SK^^S^temaccacofl^^^ 


Family VI. HYDROSTACHYACEAE 

The family H^roatachy^B^n^*^.^""^ 

slachyn, with a few species i Podoste m acc ae, has been 

Africa, formerly included f„,nilv Thev nrc submerged 

separated by Warming as .i d.t.ncd ^ ^ , ong ail „ pl 

water plants with thick covered with numerous small 

z£sm 

rfema^nlTaSlr.yVoLtcd eafpe.s united to form a 
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unilocular ovary with median placentas bearing numerous ovules 
each with a single integument; there are two free styles. The 
fruit is a capsule opening at the ventral sutures of the carpels, 

Family VII. HAMAMELIDACEAE 

A small family of trees and shrubs occurring in subtropical and 
temperate climates, especially in Asia, Atlantic North America 
and a few in Madagascar and South Africa. The leaves are generall}' 
alternate, simple and stipulate, and the flowers inconspicuous 
and arranged in spikes or heads which are sometimes surrounded 
by coloured bracts. The flowers are of great variety of structure 
in the different genera. In Liqu idanibar (four species in Asia Minor, 
Eastern Asia, Central and Atlantic North America) and Altingia 
(( hina to Java) they are monoecious; the male have no perianth 
but consist merely of spikes of stamens with no distinction into 
individual flowers, the female consist of numerous flowers united 
b\ the ovaries into spherical heads and bearing an inconspicuous 
epigynous calyx and a few barren stamens. In Distylium (Hima¬ 
layas, mountains of Java and East Asia) the flowers are hvpo- 
gynous and apetalous; sepals are absent or present in varying 
number up to five, and the stamens vary from two to eight. Hama- 
rnelis and other genera have complete bisexual regular hypo- 
g\ nous flowers with four or five sepals, petals and stamens; 
//. Virginiana (Witch Hazel), a bush, native of eastern North 
America and often seen in cultivation, has long strap-shaped yellow 
jK*tals, the flowers appearing before the leaves (fig. 160). A constant 
character is found in the two united carpels, the ovary containing 
one to many pendulous ovules and bearing two slender styles. The 
fruit is a two-chambered capsule splitting loculicidally and some¬ 
times also septicidally; the pericarp consists of a woody or leathery 
exocarp and a more or less homy cndocarp. The more or less 
oval, sometimes winged seeds contain a large straight embryo 
with flat cotyledons, surrounded by endosperm. 

I he hairs shew a characteristic structure recalling that found 
m the subfamily Hydrangeoideae of the family Saxifragaceae. 

u>\ aie one-celled and awl-shaped with brownish contents, and 
are generally associated in clusters and usually united at the base 
ormmg a two- to manv-limbed bundle-hair. They are generally 
distributed, or more or less closely crowded, especially on the 
o\ ai \ and young parts of the stem. 

I here are 23 genera containing about 100 species. Jiucfdandia 
pnputnea (Himalayas and mountains of Java and Sumatra) and 

‘ tn . yta Y c . eha ( so «th-wcst China and Java) are fine timber-trees; 
species of Lu/mdam/mr yield a gum-resin, storax. 
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This and the next family Platanaccae are grouped together by 
Wettstein as the order Hamamelidales, which he places in 
Monochlamydeae near Urticales on account of the many primi¬ 
tive characters" represented by the genera. The great vanet> 
of floral structure suggests a very old type, and the resein 
to the Rosales in the structure of the gynoecium \\ ettstein regards 
as an indication that the origin of this group may be sough 
forms resembling the Hamamelidaceae. The more general' ie* 
adopted by Warming, Baillon, Niedenzu (who has elaborated the 
family in the PflarJnfamilien) and Engler is that the Hamam l. 
daceae are nearly allied to the Saxifragaceae and especial 1} to the 
small family Cunoniaceae with which it agrees in the wood* habit, 
the two-vaived capsule and the winged seed: the anatoim of 

wood is also similar. 







Flu. 100. Hamamelis virgin,mm A. Flower * H. F • J o K . Seed 
nee t ion shewing stamens ami pistil. * »«■ D - t 
cut lengthwise, x 3. (C after Kohler: B. D. E after Urgent.) 

Family VIII. PLATANACEAE 

The family consists of the single genus, 
a few species of large deciduous trees, with alternate 
palmate leaves generally toothed on the margin, PI ' 

of the leaf-stalk join at the base forming a cap which protects the 
developing bud; the stipules are large and embrace the st 
above the leaf-insertion. The cork-cambium an^ n the su 
epidermal layer; in P. occidentalis the bark peek 
sheets. The young shoots are densely clothed with coolly hairs 
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consisting of a long jointed hair ending in a sharp point and bearing 
at each node a three- to five-rayed whorl of pointed cells; the walls 
are very thick. Similar hairs, but with much reduced branches, 
occur on the calyx and the ovary; in the latter case they develop 
to form the long slender jointed hairs which cover the fruit. 

The unisexual flowers are closely crowded in spherical heads, 
several of which are borne on a long pendulous stalk which ulti¬ 
mately splits into fibres. The inflorescences and heads are monoe¬ 
cious, but the frequent presence in the flowers of rudiments of the 
other sex indicates that they are derived from a bisexual flower. 



Fie. 1GI. Plain nun acerifolia. A. Shoot bearing male (a) and female (6) in¬ 
florescences. reduced: stipules. B. Female flower, enlarged. C. Fruit in 
vertical section, x 3. (After Niedenzu.) 


The flowers are slightly perigvnous, cyclic and 3- to 8-merous, 
with regularly alternating sepals, petals, stamens or carpels. 
'I'he sepals arc small, free and hairy, the petals larger, thin and 
spathulatc. The stamens have a very short filament and a long 
anther, the halves of which split lengthwise; the connective is 
produced to form a shield-like cover. The carpels are free: the 
elongated ovary passes into a long style, which is hooked above 
and hears the. stigma along the inner side. There is one ovule, 
rarely two orthotropous and pendulous from the ventral suture, 
with two integuments. 
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r—*«* ** 

a, l^ h str“e of the style, stigma 

resembles the Ham ^“ e ^ aC “ e _ r “‘^ l "Hower with completely 
Rosaceae as indicated by the perigyiwua o_; PJlft0 ideae It is, 

sr & 

development as compared " . here is based on that 

«. ;r ^ 

perianth beyond an insignificant and transit y^ ^ 

surrounding each g«>»P ° f Kv’three or four hairy staminodes. 
carpel-group was protected > apetalous and should be 

by Bentham and Hooker and is retained by Wcttstein. 

Family IX. ROSACEAE 

Flowers generally bisexual and actinomorphic with a pent a- 
merous cafy, and corolla, two, three, or four times as many 
or indefinite stamens, and one to indefinite natpe'^ carpe s 
one-celled, with mostly two pendulous or ascendtng anatropous 
* Schonland. S. “Ueber die Entwicklung d. Bliiten ... iru.l.t »>c. den 

i" B F? r '“•^^h^cten.'.nd n-la.ion.hip. of the Plafnaccc." 
JJull. Torrey /Solan. Club, xxxvi, 389(1909). 
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ovules. Calyx, corolla and stamens more or less perigynous. 
Fruit very various, often associated with the thalamus in a 
pseudocarp. Seed generally without endosperm; embryo with 
planoconvex often fleshy cotyledons. 

Herbs, shrubs or trees with alternate simple or compound 
stipulate leaves. 

A large cosmopolitan family containing about 90 genera 
with 2000 species. 

The cotyledons are epigeal in germination and in the 
seedling stage are nearly all of the same general outline, 
varying between oval and oblong; sometimes they are emar- 
ginate. The greatest divergence from the general type occurs 
in the tribe Sanguisorbeae, which form a natural group with 
reduced flowers, and having the cotyledons deeply emarginate 
with a cordate base. The leaves succeeding the cotyledons 
shew transitional stages to the adult form. This is well seen 
in species of Potenlilla , as P. Anserina (Silverweed). 

The plants are of very different habit. Low-growing herbs 
such as Strawberry, the closely allied genus Potentilla , and 
Alchemilla \ scrambling bushes, as the Brambles or Rose; or 
trees, as Apple, Pear, Cherry, Plum, and other fruit trees. 
Both root and stem may take part in vegetative propagation. 
Leaf-buds are commonly produced on the roots of Cherry and 
other fruit trees; the Strawberry spreads by slender runners 
which take root and produce a new acaulescent plant at their 
apex, while Raspberry is propagated by suckers or branches 
from the base of the erect leafy shoots which, after running 
for some distance horizontally beneath the soil, grow upward 
and form aerial leafy stems. In shrubby forms a change of 
branches into thorns is frequent, as in Primus spinosa (Sloe 
or Blackthorn) and Crataegus Oxyacantha (Hawthorn). 

The prickles of the Roses and Brambles are emergences; 
by their means the plant is able to scramble over surrounding 
vegetation. Stipules are rarely absent, as in some species of 
Spiraea: they are small and caducous as in Pyrus (Apple, 
Pear, etc.) and Primus (Plum, Cherry, etc.), or persistent 
and admite to the leaf stalk as in Rosa, Rubus and nearly all 
our British genera. The prominent part played by the leaf- 
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base in bud-protection is well illustrated by young shoots of 
Rosa canina (Dog-rose) (fig. 162); the lowest bud-scales are 
simply leaf-bases, the tridenticulate apex indicating the 
presence of a pair of lateral stipules ( s) adnate to the leaf¬ 
stalk, the upper bear a small pinnately compound leaf (l) 
affording a transition to the perfect form. A similar reverse 

transition to leaf-base can be traced in the bracts (6). The leaves 

are simple or pinnately or more rarely palmately compound. 
The subfamily Prunoideae has simple leaves; in other cases 



Fio. 162. Flowering shoot of Rosa canina. (After Luerssen.) 

simple and compound occur in the same genus, as in Pyrus 
where P. Malus (Apple) and P. communis (Pear) have simple 
leaves, P. Aucupuria (Mountain Ash) pinnate. In the species 
of the section Aria the leaves are more or less pinnately cut, 
and hybrids of these with P.Aucuparia shew leaves pinnately 
compound below and pinnately cut above. In Potentilla they 
are generally palmately, but sometimes (P. Ansenna) pin¬ 
nately, compound. 

In warmer climates the leaves are often leathery and 


ft. II. 


22 
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evergreen. Woody members of the family shew certain points 
of agreement in anatomical characters. In the Pomoideae, 
periderm originates in the epidermis, in the Prunoideae ill 
the hypodermal layer. The primary cortex generally has a 
collenchymatous hj'poderma and numerous crystal-sacs in 
the parenchyma. Stone-cells are generally absent both from 
the primary and secondary cortex, but are characteristic of 
the small tropical subfamily Chrysobalanoideae. Medullary 
rays are broad in Rosoideae and Prunoideae, narrow in 
Pomoideae. In Prunoideae gum is formed by disorganisation 
of the wood (Cherry-gum, etc.) 

The flowers are sometimes solitary as in Rubus Chamae- 
morus (Cloudberry); often, however, branching takes place 
in the axil of the bracteoles, giving rise to an indefinite or 
more rarely a definite inflorescence. In Agrimonia it is a 
simple raceme; in Poterium the small flowers form dense 
heads or spikes; in Rosa the flowers are solitary or a few 
together and corymbose; the many-flowered inflorescence of 
Ulmaria (Meadow-sweet) consists of a number of cymes 
arranged in a corymb. 

The sepals are almost invariably greenish and sepaloid; 
in some species of Rosa the outer members are more or less 
foliaceous. In Potent ilia, Fragaria , Geum and others there 
is an outer calyx (epicalyx) of generally smaller alternating 
members representing the stipules of the sepals proper, 
adjacent ones having united in pairs (compare the frequent 
union of adjacent foliaeeousstipules in our British Rubiaceae). 
The petals are generally large and petaloid; white or red are 


the prevailing colours, while among the Rosoideae (see below) 
yellow is common. Blue flowers occur only in a few of the 
Chrysobalanoideae. Sometimes, as in Ale hem ilia , Poterium and 
allied genera, petals are absent. 

Between the stamens and carpels lies a cushion-shaped 
or ring like nectar-secreting disc easily accessible to visiting 
insects, which are also attracted by the large amount of 
pollen. 

In the tribe Sanguisorbeae many genera have flowers 
eminently suited for wind-pollination, with a greenish in¬ 
conspicuous calyx, no corolla or nectary, but large projecting 
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often brush-like stigmas and long exserted stamens. There is 
also a tendency towards separation of the sexes, especially 
noticeable in Poterium Sanguisorba, where the upper flowers 
are female, the lower often exclusively male. An endotropic 
course of the pollen-tube has been observed in Alchemilla 
and Sibbaldia, and parthenogenesis is frequent in the former. 
Parthenocarpy (formation of fruit without previous fertilisa¬ 
tion) occurs in the genera with fleshy fruits. 

The stamens are bent inwards in the bud. They are very 
variable in number. Occasionally, as in Alchemilla, there is 
a simple whorl of four alternating with the four sepals 
(fig. 169, C); A. arvensis (fig. 169, D) has only one. Generally 


o 


o 



w » 

FlG. 163. Floral diagrams of A, Pyrus communis; B. NuUaUia; 

C. Prunus Padus. (After Lichler.) 


they are two, three, or four times as numerous as the members 
of the perianth-whorls, or indefinite. A common arrangement 
is one with an outer whorl of ten in five antesepa ous pairs^ 
In Pomoideae (fig. 163, A) this is generally followed by a v hoi 
of five antepetalous, and a third whorl of five antesepalous. 
In Prunoideae the second whorl contains ten members 
alternating with those of the outer (fig. 163, C); there is 
sometimes a third alternating whorl. In many species of 
Potentilla, Geurn, and Rubus the outermost whorl of ten, 
which may be regarded as consisting of either antesepalous 
or antepetalous pairs, is followed by a second whorl of ten 
alternating with those of the outermost whorl. 

In Potentilla fruticosa an inner whorl of five pairs of ante- 


2 2-2 
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sepalous alternates with an outer whorl of five antepetalous 
pairs, while a third whorl alternates with the individual 
members of each pair of the second (fig. 164). In Rosa five 
antepetalous pairs are generally followed by a whorl of ten 
alternating with the individual members of the outer ring, 
and these again by successive 10-merous whorls. 

The shape of the torus and the relative position and number 
of the stamens and carpels, as well as the structure of the 
fruit, vary widely and will best be considered by a brief 
account of the different subfamilies of which Focke in the 
Pflanzenfamilien recognises six. 



Fig. 1(>4. Diagram of Fig. 165. A. Flower of Spiraea decumbens in verti- 
J’oltHhlla fruticosa ; ep , cal section; r, the well develo[>ed nectar-secreting 

epiealvx; stipules ring partially roofs over the shallowly concave 

of hraet ami bract coles. receptacle; enlarged (after Focke). B. Floral 

(After Kiehler.) diagram of S. hypiricijolia (after Eichler). 

Subfamily I. Spiraeoideae. Is nearly allied to theSaxifragaceae. 
The torus is fiat or slightly concave, never forming a convex 
carpophore or a deep cup; the carpels form a central whorl, 
frequently of five, and are free as in Spiraea , or united below. 
The ovary contains several ovules (more rarely only two) and 
the fruit consists typically of two- to several-seeded follicles. 
The flowers have a o-merous calyx and corolla, and the stamens 
vary from 10- x . The plants are generally unarmed shrubs with 
simple or compound often exstipulate leaves, and numerous 
small white, rose or purple flowers arranged in racemes or 
panicled in florescences. The 17 genera are chiefly north tem¬ 
perate. Numerous Spiraeas are grown in gardens, while 
s. saheifolia occurs in Britain apparently wild in plantations, 
though not indigenous. Our native Meadowsweet and Drop- 


wort are now placed in the genus I'lmaria . and included in the 
Kosoidcae on account of their onc-seeded fruit. Quillaja saj>on- 
ii/ia. the bark of which contains saponin, is the Chilian Soap- 
tree; in an allied genus Lindleya (Mexico) the ovary is syn- 
carpous and the fruit a capsule of several cells. This indicates 
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an affinity with the next subfamily Pomoideae, of which the 
small east Asiatic genus Slranvaesia has the carpels separate 

when ripe and dehiscent . 

Subfamily II. Pomoideae. The floral axis forms a deep cup with 
the inner wall of which the five or fewer carpels are more ortess 
completely united as well as with each other (fig. 16b. Ah Each 
carpel contains generally two ovules. The fruit (fig. 166, B is 
a pseudocarp consisting of the large fleshy torus surrounding the 
ripe ovaries the endocarp of which is coriaceous or stom am 
surrounds the generally one-seeded chamber. Stranvaesia abo%e- 

me pomofdeae Ireshrubs^r trees with simple or pinnate stipulate 
leaves. The flowers are white or rose-coloured, often shmy . 
The calyx and corolla are pentamerous; the stamens generalU 

20 or more. 





*>• A " * 
v.rt"c.l“ Sion. I A. B alter Fork.; C alter Baillon. I 
The 14 genera are distributed over the north temperate zone 
extending “western America through Mexico to the Andes of 
Peru and Chile. Pym,. the largest genus.", 

lApp^tSneufuvated 8 i“™Zte™ times; P lormi- 

ife/Zur'A^T^^an^ 

(Medlar) is a native of Greece and Western Asia C rataegus has 
numerous species, especially in North America ; C. Oryacantha 
(Hawthorn) is British; many species are grown in garden.^ 
Cotcmeaster, with 20 or more species m the oo^ ‘enipera c 
zone of shrubs or small trees, is represented in Great Britain 
by C. intcgerrima, which is found on the limestone cliffs of the 

Great Orine, in North Wales. 

Subfamily III. Rosoideae is characterised by numerous carpe s 
which are either situated upon a swollen receptacle as 
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Fragaria or Rubus, or at the bottom of the receptacular cup 
as in Rosa. Each carpel contains one or two ovules and the 
fruit is one-seeded and indehiscent. It is by far the largest 
subfamily, including 39 genera, which fall into smaller natural 
tribes distinguished by the form of the torus and of the fruit. 
The chief are: (1) Ulmarieae , containing one genus, TJlmaria, 
with eight to nine species in the north temperate zone, of which 
two, U. palvstris (Meadow-sweet) and U. Filipenduki' t (DropvroTt). 



Pic. 1i>7. Hubim jnnuticeiisi.*. A. Ix-nf ami inflorescence, x §. B. Flower cut 
lengthwise, x 3. ('. I’nripe cnrjxd, x 10. D. Ripe fruit, nat. size. E. Seed 
cut lengthwise, x 10: r, cotyledon; r, radicle. (From Flor. Jam.) 


are British. The torus is Hat or shallowly concave and the 
usually ten carpels ripen into one-seeded indehiscent dry fruits. 

(2) Potent illeae. The carpels are generally numerous, on a 
large rounded or convex outgrowth of the centre of the torus. 
In Rubus (Bramble) there is no opicalyx and the fruits are 
drupels situated upon the dry torus. Rubus is a large genus 
found almost everywhere except in the driest and hottest parts 
of the earth. 1 he greater number of species occur in the forest- 
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region of the north temperate zone and in the high mountains 
of tropical America. Besides about 180-200 undoubted specif 
a very large number of subspecies and varieties have been 
described R. fruticosus (Blackberry) is a very polymorphic 

fs found from Derbyshire northwards. In Fragana PotentiUa and 
a few allied genera, the sepals are stipulate, and an epicalyx is 
formed by the union of adjacent stipules. As in Rubus, stamens 
and camels are indefinite and the fruits are achenes. In 
Fragaria* the torus becomes much enlarged and juicy in 
fniitin? stage in the other genera it remains dry. Dryas and 
“fe^ent a third section, in which the style is —a. 



Fig. 168. Fragaria vaea .(Strawberry).“j <>Vpci°cut lengthwise, 


(From Flor. Jam.) 

and persistent in the fruit, forming in.Dryas as e nder flathery 

as- r"xsr f 

tenlperTte, Arctic and alpine plants. «« also occurs m the 

80, ( t ZSZ&SEonly Rosa, and is characterised by an urn- 
shiped or tub^ar torus, enclosing the numerous carpels and 
becoming fleshy and bright-coloured m the fruiting stage lh 
I hit recalls that of Rubus ; in both cases the plants a 
prickly' shths^hde many Roses have the ^cramb.ing hah, 
characteristic of Brambles. The species of Rosa also arc 
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extremely variable and so many species, subspecies, varieties 
and forms have been described that, as with the Brambles, the 
identification of Roses is extremely difficult 1 , 

(4) Sanguisorbeae are a reduced group of Rosoideae. They have 
the persistent um-shaped torus, completely enclosing the fruit, 
as in Rosa , but with a great reduction in the number of the carpels 
(often only one is present) is associated the absence of the fleshy 
bright-coloured torus, which in Rosa ensures the distribution of 
the large number of achenes. The torus remains dry, often be¬ 
coming hard. An epicalyx is present in AlchemiUa (fig. 169), and a 
few other genera. The flowers are generally apetalous ( Alchemilla , 
Poterium), often unisexual, and frequently anemophilous, as in 
Poterium Sanguisorba, where the small flowers are crowded on 
long-stalked heads, the upper being female with protruding 
feathery stigmas, and the lower male (or bisexual) with numerous 
exserted stamens; the pendulous anthers are attached to long 



Fig. 100. A. Flower of Alchemilla alpinn in vertical section, enlarged. B. Floral 
diagram of Agrimonia pilosa, shewing arrangement of sepals, petals and 
stamens. (, IX Floral diagrams of Alchemilla vulgaris and A. arcensi#. 
K. Fruit of Agrimonia EujHitorium in vertical section, enlarged, e. epicalvx. 
(B after Goebel; C, D after Eichler.) 


slender filaments. Agrimonia has small yellow-petalled nectar- 
less flowers borne in a long terminal spike; in the fruiting stage 
the hardened torus is crowned by numerous hooked bristles 
(fig. 169. E), which are of service in the distribution of the one 
or two enclosed achenes. Such development of barbs or prickles 
on the torus is a frequent device in the tribe for ensuring dis- 
tiilmtion. 1 he number of stamens is very variable, even in the 
same genus or species: sometimes numerous, but more often 
few. sometimes only one (fig. 169, B. (', D). 

its success is demonstrated by the wide area over which many 
members of the tribe are found. The species of Acaena occur 
chiefly m ext rat ropieal South America but spread along the 
Andes to Mexico and California and are found also in the 
Sandwich Islands. New Zealand, Tasmania, South Australia, 

v ‘ S /T* Hybridism and classification in the genus Rosa." 

.\tw I y MX, 1 .,3 (1<V_>0). 
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South Africa, Tristan d’Acunha and other islands of the southern 
hemisphere. The barbed thorns are eminently adapted for 
carriage in the feathers of sea-birds such as the Albatross 
A. adscendens is found in New Zealand, Tierra del Fuego, and 

the Falkland Islands. 

Subfamily IV. Neuradoideae contains only two small genera. 
They are desert-loving herbs with yellow flowers. The ;> 1 > 
carpels are united with each other and with the base of the cup- 
shaped torus which enlarges and forms a dry covering round the 
one-seeded fruits. Neurada procumbent spreads through North 
Africa to the Indian desert. Grielum occurs in the sand} and 
salt deserts of South Africa. 



en, endocarp; c, cotyledon; r. radicle. (From Flor. Jam.) 

Subfamily V. Prunoideae contains five genera, the species of 
which are distributed through the north temperate zone, 
passing into the tropics; they are characterised by a free solitary 
carpel 8 with a terminal style and a pair of pendulous ovules, 
and the fruit a one-seeded drupe. With few exceptions the 
torus forms a more or less deep cup at the edge of which spring 
the five sepals, five alternating petals and 10, 20 or more 
stamens. The stony endocarp bears a longitudinal seam along 
which it splits in germination. The seed (kernel) consists chiefly 
of two large fleshy planoconvex cotyledons; there is no endo- 
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sperm. The plants are deciduous or evergreen (Prunus Lauro- 
cerasus, Cherry-laurel) trees or shrubs with simple undivided 
leaves, and often small and caducous stipules. Flowers are often 
showy, and white or pink, generally arranged in racemes (fig. 
170). The monotypic genus Nuttallia from north-west America is 
exceptional in having a whorl of five carpels (fig. 163, B); 
through it the subfamily is related to Spiraeoideae. The large 
genus Prunus is divided into subgenera, the distinctions being 
based on the arrangement of the leaves in the bud, the character 
of the mesocarp and endocarp and the shape of the torus. 



Ftc. 171. ( hnj*tJmlnnH* iraco. A. Portion of plant, x §. B. Diagram of flower. 
( ’. Flower, x 2. 1>. Flower cut lengthwise and four stamens removed, x 3. 
F. Pistil, a vertical section of ovary removed 
x *: (/«. endocarp. (From Flor. Jam.) 


, x 4. F. Fruit cut lengthwise. 


In P. communis (Plum) and allied species the leaves are 
rolled in the bud. P. communis includes several well-marked 
subspecies, P. spinosa (Sloe or Blackthorn), P. insititia (Bul- 
huc) and P. dornestica (Wild Plum). The last mentioned has 
been cultivated since classic times but is not certainly known 
to be indigenous anywhere at the present day. The other sub- 
genera have eonduplicate leaves. The subgenus Amygdalus 
contains the Almond (P. Amygdalus), which grows wild in 
i entral Asia, and t lie closely related Peach (P.persica), the native 
country of which is unknown. Amygdalus has tho mesocarp 
generally not juicy, but covered with hairs, and the endocarp 
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often furrowed ; the torus is short and wide-mouthrf. The sub- 
genus Cerasus differs from Amygdalus in having a fleshy me*o- 
carn and a smooth or wrinkled (not deeply furrowed) stone 
P. Cerasus (Wild Cherry), probably a native of the Balkan*. an 1 
4sia Minor, is the origin of many of our cultivated forms (Morcllo, 
Duke and Kentish cherries); others are derived from P. Avium 
(Gean) The sub-genus Laurocerasus , to which belongs P. I adus 
(Bird-cherry), is distinguished from Cerasus by its entire stigma, 
unfurrowed style and flowers in racemes. P. Laurocerasus (( hercy - 
laurel) is a well-known evergreen with nectaries on the back 

th FcwsiTremains of the genus Prunus are frequent in Tertiary 
Strftt ft 

Subfamily VI Chrysobalakoideae (genera 13, species 200) 
riembles Prunoideae in having a solitary free carpel and the 
fruit a drupe, but differs in the basa 
style the ascending (not pendulous) 
ovules and frequently zygomorphic 
flowers (figs. 171, 172). The plants are 
troi)ical evergreen trees or shrubs; largely 
South American. In several genera 
(Hirtdla, Parinarium and others) the 
flower is markedly zygomorphic, the 
stamens being pushed to the anterior 
face, while the torus is hollowed on the 
posterior face into a sac or spur below 
the ovary. Such flowers are adapted for 
pollination by insects with long P™- 
bosces. This subfamily is of great 
interest from its affinity on the one 
side with Prunoideae, as already indi¬ 
cated, and, on the other, in the zvgo- 

morphic flowers jurt .loscnbod^jrrth ^ ^ Fl „„, r „ f Aei „ 

the family Leguminosae. guianensia in vortical soc- 

affinity is emphasised in Acioa wnere tion, showing the solitary 
the filaments of the 10 to 15 or more ca „>el with « long stylo 

tno niamcii an< j the stamens united 

stamens are united into a long nat nan . ^ ^ |>and (Aftor Focke. ) 

becoming free only near the top (hg. l/■£)• f 

becoming ^ thftt in the early stages of development of 

a species of Parinarium there are three rudimentary carpels 
a species tripartite stigma. In normal flowers both 

traSS?cV 0 amLm P am‘und^elopcd. but not infppwn.lv 
abnormal flowers arise in which there are three d.stinctchambers. 

» Arkiv Hoi. xiv, No. 7, 1-12 (1915). 
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Juel considers that the Parinarium type of gynoecium is based 
upon a trimerous form, and suggests that this may apply to the 
whole subfamily, the relationship of which to the Prunoideae 
is doubtful. He considers that the evidence justifies the removal 
of the Chrvsobalanoideae from the Rosaceae but not from the 

V 

order. 


Family X. CONNARACEAE 

A small tropical family containing about 250 species in 10 genera. 
They are mostly woody climbers, sometimes shrubs or trees, with 
alternate im pari pinnate exstipulate leaves and small regular 
generally bisexual flowers arranged in racemes or panicles. The 
flowers are pentamerous; the sepals are generally persistent and be¬ 
come hardened round the base of the fruit; the petals are imbricate 
and free; the stamens are generally in two whorls, the five ante- 
pctalous being shorter than the five antesepalous: the filaments are 
generally united at the base. The five (rarely fewer) carpels are 
free anti one-celled, containing two collateral ovules, with two 
integuments, ascending from the base; only one carpel develops 
fruit and forms a one-seeded follicle, opening generally on the 
ventral suture. The solitary orect seed is usually surrounded at the 
base with an aril. Endosperm is present or absent. 

'1 his family is most nearly allied to Leguminosae but is dis¬ 
tinguished bv the typically pentamerous pistil and absence of 
stipules. 


Family XI. LEGUMINOSAE 

Mowers bisexual, generally zygomorphic. sometimes (sub¬ 
family Mimosoideae) aetinomorphie. Calyx inferior, generally 
of five sepals, with the odd one anterior, generally more or 
less united, with imbricate or valvate aestivation, the latter 
especially in the regular flowers. Petals free, or in regular 
flowers more or less united, equal in number and alternating 
with the sepals: corolla generally markedly zygomorphic; 
aestivation valvate or variously imbricated. Stamens 
t\picall\ ten. inferior or slightly perigynous, free or more or 
I‘" s * nto a tube, in which case they are monadelphous. 

"i diadciphous by separation of the posterior stamen. Carpel 
one. with the ventral suture posterior, ending in a simple 
style and stigma which surmounts a unilocular ovary con- 
turning generally numerous ovules arranged in two alternating 
lows along the ventral suture. Ovules amphitropous, or 
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anatropous, or sometimes campylotropous. obliquely ascending 

or pendulous. Fruit generally a legume containing n,an> 
seeds and dehiscing by both dorsal and ventral .utun». Seeds 
generally with a leathery testa, on a short or elongated funic . 
which often forms a more or less fleshy anl. Endosperm 
generally absent or sparsely developed, the embryo consisting 
of two ‘large flat cotyledons with a generally superior 

V6 Tree's^ Shrubs "m'lierbs of very various habit. leaves 

. ? .. 

about 550 genera with more than 12.000 species, forming a 

very natural cosmopolitan group in spite of the considerable 

variation in vegetative and floral characters. 

i rvf dip familv the cotyledons come above the 
In most members of the tannij • , Thev are 

equal, cordato or auric 1 . , see( j generally 

in the subfamily Caesalpmionleae ^ with the radicle 

contains endosperm am ’| d jn the genus Acacia 

lying between the auncles varietv Ld may be 

(subfamily M.mosoideae) they^he g ^ ^ * deepl y auricled 

oblong and entire °^f.yJ VMeae G f the subfamily Papilionatac 
or sagittate base. In the tube Uaeaeoi^ ^ 8Cwl . coat and are 

the fleshy planoconvex .... phaseoleac both epigeal and 

hypogeal, while in the closclyall^l ‘ |ant with 

hypogeal occi.r. .Wpia ■ •_ ^ kab|e in having cylindrical, 

a twisted mdchweent p , ^ aro twiste d about in the albu- 

SSi'ST«tnd after germination they become much 

larger but retain their■ongi‘"^^"nal forms of germination are 
Interesting examples o P fIc(j rum \ n the former the 

seen in species o 1 t he indehiscent spirally-coiled 

numerous seeds gernunt t heseedlings. In Hedysarutn 

pod. causing severeof inde- 
thc pod (lomentum) spli s um on germination by the 

hiscent pieces which ar elongation of the hypocotyl, 

— cd“ in' the genus in,,: where the naked ^ 
■ Beni, A. AUi <1. *«'« Accodon. U. Unco. «. V. RcnUwonU, dUH1J). 
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falls from the pod and germinates in the earth. The seed-coat 
forms a shining soft wool-like mass, from which, when the pod 
has opened, the embryo escapes on the slightest pressure as a 
thick bean-like body. Its escape is effected bj- visits of birds which 
are attracted by the conspicuous seed-coat. 

The transition from cotyledon to the adult form of leaf may be 
gradual, as in Trifolium, where the leaf succeeding the cotyledons is 
simple, and the subsequent ones are trifoliolate, or the compound 
form is at once assumed, as in Lupinus, where the leaves immedi¬ 
ately succeeding the cotyledons are digitately compound, though 
with fewer leaflets than in the adult form. In Gorse ( Ulex euro- 
paeus) there is much variation in the shape of the primary leaves 
before the adult spinous form is assumed. The leaves are all 
simple, or those immediately succeeding the cotyledons are tri¬ 
foliolate passing above into bifoliolate and simple forms; or other 
variations occur. In Acacia the primary leaves are pinnately 
compound, while in those species whero the ultimate form is 
phvllode-like this is gradually assumed by development of the 
main petiole and diminution in number and size of the leaflets. 

The family contains plants of very different habit. Our 
British genera, all of which belong to the subfamily Papi- 
lionatae, include a few shrubs such as Genista, Ulex (Gorse) 
and Cytisus (Broom). The majority, however, and this applies 
to the subfamily as a whole, are herbaceous, as Trifolium, 
Mcdicago, Mel Hot us, Lotus, while the species of Lathyrus 
and 1 'icia (Vetch) climb or trail by help of tendrils which are 
modified leaf-structures. Others, such as Phaseolus multi- 


florus, have an herbaceous twining stem. Species of Bauhinia 
(Caesalpinioideae) with curiously flattened twisted woody 
stems are characteristic lianes of tropical forests, and Entada 
gigas (Mimosoideae) is also a common tropical climber in 
both hemispheres, its thick woody stem scrambling to great 
heights. I'lie subfamilies Mimosoideae and Caesalpinioideae, 
confined to the warmer parts of the earth, consist chiefly of 
trees and shrubs. To the former belong the Acacias and 
.Mimosas, to the latter the Tamarind, the Judas tree of South 
Europe (Cereis Siligua.slru/u) and others. The False Acacia 
(liolmiia Pseud acacia) and Laburnum (Laburnum vulgare) are 
examples of an arborescent habit in the Papilionatae. True 
water plants are rare, but occur in the tropical genera 
A eptunia and Aeschynomene. The roots, especially in the 
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Papilionatae, frequently bear numerous small tubercles 
which contain nitrogen-giving bacteria. Hence the value of 
crops of Clover, Beans, etc., in a rotation or as green manure 
The leaves are alternate, rarely opposite or wborled and 
generally compound and stipulate; sometimes the individual 
leaflets have stipels at the base as in many members of the 
tribe Pbaseoleae. One of the commonest leaf-forms is t he 
digitately trifoliolate, as in Trifolium : pinnate and impan- 
pinnate (Robin,a. Laburnum) are also frequent. The Mimo- 
soideae have generally bipinnate leaves. The petiole falls 
with the leaflets, or later, or persists, becoming mdurated 
form spines as in Astragalus, Oxylropis, Onobrychxs and 
others. Various reductions and modifications for special 
purposes occur. In the Pea and Vetch the end of the radii 
or a greater or less number of leaflets are developed as 
tendrils. In Gorse the leaves of the adult are reduc 
simple spines (sometimes bearing a single minute leaflet) or 

Tafl scales subtending a spine-like branch. 

many Australian Acacias consist of a vertical P 

flattened phyllode-like structure representing the petiole, 

similar reduction takes place in some species of 
Stipules are generally free, more rarely 
Lupinus and Trifolium, adnate to the petiole. In Pumm (Pea) 
they are leaf-like, replacing as assimilating organs.the deafletS; 
which have become tendrils. In Cyhsus (Broom) 
minute, and absent in Ulex. 

^r"fan n spec^ d f of the test 

on the tips of the leaflets. ar0 the s | e ep-iiiove- 

.. 
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if the temperature is sufficiently high. In species of Mimosa 
(as M. pudica, Sensitive-plant) (fig. 173) the leaves assume a 
sleep-position in response to a touch. The seat of the movement 
in these cases is the pulvinus or swollen base of the leaf-stalk or 
petiolule. Extrafloral nectaries are found on the stipules or leaf¬ 
stalks of many members of the family; J'jeta sepium is an example 
from our own flora. 

The origin of the ]>eriderm shews great variety. It seldom arises 
in the epidermis (Cytisus), more frequently in the subepidermal 



Fie. 173. Minima pudica shewing leaves expanded and closed, flower-head in 
laid and ojK-n. and jkhIs in various stages of dehiscence; the thickened 
1 (orders of the pod separate and the pod breaks up into one-sceded joints; 
reduced. (From Flnr. Jam.) 


layer (Hymrnaea. Ha ultima) or from a deepor layer of the cortex 
[ ( ddltlsrhiu. Robtuia) or finally from the pericycle (as in Ulejc). 
According to Moeller, the three subfamilies may bo distinguished 
by the structure of the sieve-tubes. In Papilionatae the individual 
members are short, only a little wider than the parenchyma-cells, 
and have simple transverse plates. In Caesalpinioideae they are 
much shorter, very much wider than the parenchyma-cells, and 
have several coarsely fitted plates on the moderately inclined 
ends; often, too. they are connected laterally with adjoining tubes. 
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In Mimosoideae they are much longer, but no broader than in 

Panilionatae and have narrow scalanform plates. 

P According to Saupe, the subfamilies cannot be separated upon 

in the 6 distribution of wood-parenchyma 

^Th? "and s—t of the stem of the Hanes are of 

Kneeial interest In Papilionatae anomalous secondary thickening 
special • f f the production of successive new 

msmmm 

■siBsmMss 

. f 

,,a Thftjiue ,r of n i nolt Mimosoideae aud t'aesalpinioideae and of 

"heTof 

yield e u, |> ‘ r “g“ a " h heart . woo d 0 f Haemaioxylon campeehianum 

—- <**“ Sandal-woo.il and other. 

The inflorescence shews great variety, but is always of the 
• tv ne The simple raceme is common, as in Laburnum, 

"ltobinia Inrtigofera (Hg. l«0),also the spike or head (Trifoliuw, 
fig 174) Compound inflorescences are frequent in Mimo 
soideae In Lupins a whorled arrangement results from local 
secondary growth in length. Dorsiventral racemes also occur, 
especially in the tribe Vicieae. 


H. II. 
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In the great majority flowers are borne on lateral branches 
of the third order; more rarely on those of the second (as in 
Cytisus, Genista , Lupinus ) or fourth (Trifolium pratense, 
Phaseolus). The most constant characters are the hypogynous 



Flo. 174. Trifolia m rvj>tns. A. Portion of plant, * 5 . B. Flower, x 2. (\ Pod 
envelojKHl in the jKTsistent calyx and corolla, x 2. I). Pod with one valve 
removed, x 2. (From Flor. Jam.) 



!• h.. I / .». Floral diagrams of A. Ihirkia afrirana : B, Mimosa pud ha; 

('. At aria lot 1 Joint. (After Fielder.) 


01 slightly perigynous arrangement of the parts, the anterior 
position (tig. 1*1) of the odd sepal, which is the first developed, 
t Ik* others following in ascending order (from front to back), 
the polypetalous corolla, and the gynoecium of one median 
carpel, with a terminal style ending in a simple stigma. 
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and two alternating rows of ovules on the ventral suture of 
the ovary which faces the back of the flower. 

The arrangement and form of the perianth-segments, 
especially of the corolla, and the number and cohesion of the 
stamens, shew considerable variation. Three well-marked 
types are recognised, each characteristic of a subfamily 
In Mimosoideae, the smallest subfamily with about 
40 genera, the flower is regular and the aestivation of both 
calyx and corolla valvate; Parkin and an allied genus have 
imbricate sepals; (fig. 175). The perianth is generally penta- 
merous, but 3-, 4- or 6-merous flowers occur: Mimosa pudica i. 
tetramerous, and all four forms are found in thegenus Mimosa , 
while in Acacia many species are 3- or 
4-merous.- The sepals are more or less united 
below into a cup, and the petals may also 
cohere at the base. The stamens vary greatly 
in number; their number and cohesion 
afford distinctive tribal characters. Thus 
they are indefinite and free in Acacieae 
(containing the single large genus Acacia) 

(figs. 175, C, 170), indefinite and more or 
less monadelphous in Inyeae. In the four 
other tribes they are as many or twice as 
many as the petals. The long slender 
filaments are crowned by small bilocular 
anthers which dehisce longitudinally. 

The pollen-grains are often united into 
little packets. Occasionally the anther- 
chambers are divided by several transverse 
septa In -any cases the long exserted yellow stamens are. 

as P in Mimosa , the most conspicuous part of the flower. 

In Caesalpinioideae (133 genera) the flowers are med.anfy 
zygomorphic, and generally 5-, more rarely 4-merous. I In 
two upper sepals are sometimes united, as m Tamanndus 

(fig l^B), otherwise the members of the calyx are genera y 

free their aestivation is imbricate, rarely, as in Cere ,s 
Siliquastrum (Judas-tree) (fig. 179, A), valvate. The typically 
pentamerous corolla shews great variation. Its aestivation is 

Lending imbricate, the posterior petal being innermost. In 

2 3-2 



Kn:. 17('». Flower of 
Acacia Jnrntsinna 
with t alyx ami eo- 
rolla |>artly remov¬ 
ed, * 7. (From Fl»r. 
Jam.) 
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Cercis (fig. 177) it resembles a papilionaceous corolla, the 
two lower (anterior) petals forming a larger pair enclosing the 
essential organs, while the posterior pair are reflexed and 
wing-like, and the odd petal is erect. In Cassia (fig. 178) all 
five are subequal and spreading. In the handsome flower of 
Amherstia nobilis (a plant of further India, not uncommon in 
cultivation) the anterior pair are small or suppressed, while 
the three posterior are well-developed, the odd petal being 
the largest. In Krameria the anterior pair are represented 
by glandular scales, while in Tamarindus (fig. 179, B) they 
are absent. Finally apetalous genera (or species) occur, as in 
Copaifera and Ceratonia (fig. 179, C, D). The stamens are 
generally ten in number, rarely indefinite, or fewer by abortion 



Fie. 177. ('erris Siliqitastriuii. A. Inflorescence growing from the old wood, 
reduced. B. A flower. ('. Flower in longitudinal section, enlarged. (After 
Taul'ert.) 


(ligs. 178. 171)). They are free, as in Cercis, or more or less 
united: finis in Amherstia they are diadelphous, the posterior 
one free, the rest united for more than half their length; and 
in Tamarindus the three fertile stamens are similarly united 
into an open sheath on the top of which are indicated the 
small staminodes. 


I he third and largest subfamily, Papilionatae, is character¬ 
ised bv the markedly zvgomorphic true papilionaceous 
Mower. I he five sepals are as a rule coherent, with an ascending 
imbricate arrangement (fig. 181, A); often the two upper and 
three lower segments are respectively united, forming a two¬ 
lipped structure. I he corolla consists typically of five unequal 
pel*ds with a descending imbricate aestivation; the outer¬ 
most (posterior) petal is the largest and forms the broad free 
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Fio. 178. C<u*ia uniflora A ^ “i*• fl f^ ^ 1 ht> t,m ‘ c 

bud. with pair of bractcolea, - • ' x 3. E M. nat. size, 

upper stamens are imperfect. f lower 
(After Flor. Jam.) 
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standard ( vexillum ), the lateral pair, which are also free and 
generally long-clawed, form the wings ( alae ), while the 
anterior pair are closely appressed, and often more or less 
coherent, and form the keel ( carina ) in which are enclosed 
the stamens and pistil. In the North American Amorpha 
(fig. 181, C) wings and keel are absent. The ten stamens are 
inserted at the same height as the corolla. They are almost 
or quite free, or monadelphous (figs. 181, B, 182, F) or diadel- 



H<;. ISO. I ml iijofi ra tinrtoriu. A. Raceme ami leaf, x §. B. Standard, x G. 
\\ mg, x (>. 1). Keel, x (>. K. Flower with corolla removed, x 7. F. Ovary 
ami calyx cut lengthwise, x 7. (1. Rij>c jkhIs, x j. H. Ripe seed, x 3. 
I. Ditto cut lengthwise, x 3. (From Flor. Jam.) 


pilous, the posterior one being free (figs. 181, A, 180,E). Occa¬ 
sionally the posterior one is absent, as in the West Australian 
Choriztma (fig. 181, D), or as many as five may be absent. 

I he fen stamens of the (’aesalpinioideae and Papilionatae, 
though arranged in a single whorl in the adult flower, are 
diplostemonous in origin, the five antesepalous arising before 
the antepetalous: the former are generally longer than the 
latter, and other differences, as in size of anther, or presence 
or absence ot a terminal gland, often distinguish the two 
series (fig. 182. F). 

I he single median carpel is sometimes borne on a longer 
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or shorter stalk, and often girt at the base by a hypogynous 
nectar-secreting disc. In the second and third subfamilies 
the zygomorphy of the flower is often expressed in the 
terminal style by a difference between back and front and a 
well-marked bending; more rarely is it straight, or rolled as 
in Phaseolus. Departures from a monocarpellary pistil are 
rare. Tounatea dicarpa (Caesalpinioideae) has two carpe s 
while in several genera ot the tribe Ingeae (Mimoso.deae) 
there are more than one. Occasionally the number of ovules 
is reduced; some species of Trifolium and Medicago have 
only one. The ovules are amphitropous or anatropous some¬ 
times campylotropus, and obliquely ascending or pendulous, 
with one or two integuments; the number varies even in the 

same genus. 


> 






frulicosa ; D, Chorizema eoramum. .. 

In Mimosoideae and Caesalpinioideae the stamens and st.g.na 
are freelv exposed and the stamens as well as the petals ser\t 
attracd; insects! Frequently, a, in Mimosa, the flowers are massed 

in ^relation of insects to the flower has been carefully studied 

only in Papilionatae, and chiefly ... European spines Muller 

has described the structure of the flower and its ' 

numerous snocies In nectar-containing species nectar is socroicu 
froirT the Inner rides of the bases of the filaments and acemnua^ 
round the base of the ovary, lying at the bottom of a tube f rn 
by the filaments of the stamens and rendered more ngul »>> be 
claws of the petals and the stiff, more or less tubular <£>x. U «J 

accessible therefore only to an insect \\i h a .[ |, e o-fiowers. 
observation shews that Papilionatae are ess - to 

In such species the posterior stamen is free and a P^g® 
the nectar is made by an arching outwaixls of ts base or of 
the bases of the adjoining filaments on ^‘^er side.^1^ I ^ 
of the corolla also play an important part \ I 
flowers stand more or less horizontally, and while the 
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encloses the stamens and protects them from rain and attack by 
unbidden pollen-eating insects, the wings serve as a platform on 
which the bee alights and the large erect coloured standard 
renders the flower conspicuous. The wings and standard have 
other uses, as can be seen by watching a bee at work. The way to 
the nectar opens in the centre of the flower at the base of the 
standard, which serves as a fulcrum against which the bee pushes 
its head whilst standing on the wings. The latter are firmly 
morticed into the keel by interlocking of processes in the adjoining 
surfaces of both, or by projections of the wings fitting closely 



l'li;. 182. Zorn in diphylla. A. Upper portion of branch, with leaves and flower- 
spikes, x jj. B. Standard, x 3. C. Wing, x 3. D. Keel, x 3. E. Flower with 
corolla removed, x 3. F. Upper portion of stamina! sheath more highly 
maunitied. G. Ripe pod with one of the bracts removed, x 3: s, persistent 
stamina] sheath. H. Bract slightly magnified. (From Flor. Jam.) 

into hollows in the keel, the result being that the pressure exerted 
on t he wings by the feet of the insect depresses the keel and exposes 
the stamens or stigma which come in contact with the undersurface 
of the insect. 1 he keel is kopt in its place and, if repeated visits are 
necessary, is brought back into position by means of a lobe at the 
base of each wing which embraces the central rigid column of 
which the ovary forms the axis. 

Muller distinguishes four types of structure according to the 
w ay in which the ]>oUen is applied to the bee. Firet those in which 
stamens and stigma return within the keel after a visit. Such 
flowers, of which Mel Hot us, Trifolium, Onobrychis and Laburnum 
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are examples, admit of repeated visits. Secondly to " 
essential organs are confined under tension and the visit causes 
the flower to explode. Thus in Genista linctoria when ttoflojwu 
readv for pollination, the keel is much compressed and closely 
surrounds the curved style and the pollen which is heaped abo\ e 

!issb-ft ts 1 sues? “ • F= 

that if freed it springs erect and parallel to the ( s * a "“™ a a 

height, but the ascending^nstThe under surface of the insect. 

afterwards a mass of pollen against in , flower C ross- 

If the visitor has been dusted with p flower 

pollination results ; as the bee creeps b^wards o.d of 

and the Broom ( Cytisus ). nn <l is seen in Lotus 

A thi ^ the mature flower the conical 

Z'oTXrSt tight- packed with P*;"" 

is embedded. The five Ihe filaments of the 

dehiscence he in the lower pa t inued to grow and now- 

five outer, on the contrary.have cent, miod to gr^ ^ their 

tightly close in the base o: the po wltheT J\ ant hers are still 

swollen club-shaped ends, on wh opening A slight down- 

seen. At the tip of the cone is a narrow op g filaments 

ward pressure to the keel forces the thick^nclso 
(that is, the piston) further into the cone andsqueezes a^ ^ 

ribbon of compressed pollen throug When the pressure 

sure causes the protrusion off^ st.g.na^^^ ^ this . 

ceases tho thickened filamen s * original 

assisted by its own elasticity, races the keel .nto 
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position. The bee by its efforts to reach the nectar gets its under 
surface smeared with pollen, while the stigma also rubs against 
it and will probably acquire pollen from flowers previously visited 
as well as from its own stamens. AnthyUis, Ononis and Lupinus 
are other examples of a piston-mechanism. 

Lathyrus, Pisum, Vicia and Phaseolus exemplify a fourth type, 
the style having a brush of hairs which sweeps the pollen in small 
portions out of the apex of the keel. As the young stigma be¬ 
comes receptive only after being rubbed, autogamy does not 
necessarily occur where it is surrounded by pollen in the flower. 

Enantiostvly, or the existence of two kinds of flowers, often 
found on the same plant, in which the style projects on the right 
or left-hand side respectively, occurs in Cassia. Cleistogamy is 
common among Papilionatae (as in species of Ononis. Trifolium, 
Vicia, etc.); this is often associated with geocarpv or production 
of the fruit underground, as is especially well seen in the Ground¬ 
nut (Arachis hypogaea) and Trifolium subterraneum . where the 
flower-stalks grow downwards and bury the young fruits which 
ripen underground. In these species amphicarpy frequently 
occurs, that is, production of both aerial and subterranean fruit; 
the latter generally contain only one seed. 


The typical fruit is a pod (legume), splitting in most cases 
along both dorsal and ventral sutures into a pair of mem¬ 
branous, or leathery, or more rarely fleshy valves. Dehiscence 
is often explosive, the valves separating elastically and 
twisting spirally, thereby shooting out the seeds, as in Gorse, 
Broom, Laburnum, etc. In Entada (fig. 183), some Mimosas, 
Desrnodium and others the pod is constricted between the 
seeds, forming a lomentum which does not dehisce but breaks 
into one-seeded joints. In Astragalus it is divided by a 
secondary (or false) longitudinal septum. 

I lie pods shew very great variation in size and form; some 
measure only a fraction of an inch, others, like Entada gigas 
(fig. I S3) (.Mimosoideae). are great woody structures more 
than a yard long and several inches wide. They are generally 
flattened but sometimes round and rod-like, as in Cassia 
Ji^tula. or more or less bent, or spirally coiled as in Medicago. 
The tribe Dalbergieae. (Papilionatae)*is characterised by in- 
dchi.-cent pods which are often only one-seeded and winged; 
and winged indehiseent pods occur in other genera. In 
Colutea the pod is an inflated several-seeded bladder which 
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bursts under pressure; it becomes detached and is blown smne 
distance before bursting, or breaks and scatters the s 
while swaying on the plant (C. arborescent. Bladder Senna. 



F.U i83, E.a,um «*. A. a m h ! al 

r,, ‘- flower, x 4. C. Fertile flower ^i. ^htt" velve one join. 

So.o^to'Ltw S, «Y 0 . p - eeross ..- “ 

the cotyledons. (From Hot. J ""*•) 

*’= ==• s 
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Abrus precatorius. The testa is generally smooth, sometimes 
leathery or bony, sometimes thin and membranous. 

In Mimosoideae and Papilionatae endosperm is wanting or 
present in small quantity, generally filling up the space round 
the radicle. In Caesalpinioideae it may be absent or present 
in greater or less quantity, forming in the tribe Bauhinieae 
a thin layer round the embryo, while in the Cassieae it is 

V V ' 

copious and cartilaginous. 

The embryo has generally flat leaf-like or fleshy cotyledons 
with a short radicle which is straight in the first two sub¬ 
families, incurved and accumbent to the cotyledons in the third. 

Seed-distribution is effected in very various ways. (1) By 
elastic dehiscence of the pod, to which we have already 
referred. In the well-known wall-climber. Wistaria sinensis , 
the seeds are said to be shot more than nine yards. (2) By 
the wind. Besides the winged or inflated pods, as in Colutea, 
the enlarged bladder-like persistent calyx may act as a 
carrier, as in Trifolium fragiferutn ; while some one- or few- 
seeded fruits (as species of Medicago) have a light spongy 
pericarp enabling them to be rolled considerable distances 
over the ground. (3) Animals are the agents in the case of 
fleshy pods containing seeds with a hard testa which will 
pass uninjured through the body. Such are the Tamarind and 
the fruits of the Carob-tree ( Ceratonia siliqua ). The various 
fleshy red, orange or yellow arils attract birds. In other 
cases pods are themselves falcate in shape, or crowned with 
a hooked persistent style, or bear hooks or spines, which 
enable them to cling more or less readily to fur or wool. 


Leguminosae is the second largest family of seed plants, Com- 
positae alone exceeding it. They occur wherever climate admits 
ol growth of seed plants, and are often characteristic features of 
the \ ogetation. 1 he tropical rain-forests are rich in genera and 
species of Mimosoideae and Caesalpinioideae; there are more than 
200 species of ( assia in the Brazilian flora. Papilionatae are mostly 
herbaceous, and fewer in number, but in subtropical forests 
arborescent forms (espec ially of the tribe Dalbergieae) occur along 
uit i t io>e of the other subfamilies. In the regions of deciduous 
forests where growth is interrupted by the cold of winter, leguminous 
tnvs arc rare; Mimosoideae are absent from Europe; Caesalpinioideae 
<u. lepresented byt eras Sihquastrum (Southern Europe to Persia), 
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which occurs as far north as the Southern Tyrol, and C. cA inenswand 
C while Qymnocladus and Cleditsch.a also occur in both 

North Wrka and China: Robinia (N. America) represents Pap.- 
honltae On the other hand, herbaceous Papilionatae become a 

sc * 

—- 

istic of those of South Africa ami . u r From numerous 

But little is known of the history of ' , hree sllb . 

leaf-remains which are found it ,s probable that 

families existed in Tertiary periods families from an 

Leguminosae is one of the most pro teids, 

economic point of view . 1 he - various Beans, Pea, 

are a widespread source of food, a* n ftn(l others. 

Vetch, Ground-nut (Arachis), ^ * (L J^ nnor Species of 7V,- 
Phasealus multiflorus is the Scarlet Rtrnner. other8 

folium, Medicago , Mehlotus \ icia, J ful W oods; 

are fodder-plants. Many of the tropical t rees > ic.u^ icW 

species of Crotalana, Sesbarna, - d ^^a/u.s gums; 

fibre; numerous species of a f , resins: the seeds 

Copaifera, Hymenaeu and others >a *• w oi , Dyes are 
of the Ground-nut and a few ‘ ,y ue j Mucuna and 

obtained from (ienitla (yellow), * ‘(7 / Qod Species of 

others; Haemutoxylon cam pec ianu ™. a valuable green 

Trifolium and Lupinus, andgen which they have 
manure, enriching the soil1 m roo t. t ubcrcles. Species of 

acquired from the air by means Tamarindus indica 

AcLia, Cassia (Senna leaves,. “ or have been 

(Tamarind), Glycyrrhiza glahra ( ' the Q r doal Bean of 

used in medicine. Physostigma i 

Calabar, contains a strong poison. /'erris (C SiliquaMrum, 

Among ornamental trees and shrubs arc Cerc^L ^ 

Judas-tree), OledilMhta f _ Genista^ ^ vn wall . clim ber; Lathyrus 

Acacia ; Wistaria sinensis is a \ f'oleaa (Goat’s-rue) and 

(Sweet and Everlasting Pea), Lupinus, Calega (Uoa 

others are garden plants. 
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As already indicated, the family is divided into three sub¬ 
families: the subdivision into tribes adopted by Taubert in the 
Pflanzenfamilien follows closely that of Bentham and Hooker. 

Subfamily I. Mimosoideae. Flowers regular; calyx generally 
gamosepalous, sepals valvate; petals valvate; stamens as many 
or twice as many as petals or oo, free or cohering; pollen-grains 
often united in packets. Generally trees or shrubs with bi- 
pinnate leaves and small flowers which are sometimes sessile 
in spherical heads or cylindrical spikes, sometimes stalked in 
lax racemes or umbels. 

Subdivided into six tribes which are distinguished by differ¬ 
ences in the androecium, including 40 genera; two-thirds of 
the species are contained in the two largest genera. Acacia 
(500 species) and Mimosa (350 species); they are distributed 
throughout the warmer parts of the world: Acacia is more 
especially developed in Africa and Australia (the various Wattles); 
Mimosa is chiefly tropical and subtropical American. 

Subfamily II. Caesalpinioideae. Flowers zygomorphic; sepals 
generally free (sometimes the two upper are united) and 
imbricate in bud; petals imbricate, the uppermost inside; 
stamens 10 or fewer by abortion, free or more or less coherent; 
ovary sometimes stalked; embryo with generally a straight 
radicle. Trees and shrubs, more rarely herbs, with pinnate 
or bipinnate, more rarely simple leaves; stipels absent. Flowers 
various, sometimes large and brightly coloured, sometimes 
small and inconspicuous, generally in racemes, more rarely 
spicato. It is very difficult to delimit tribes in this subfamily. 
In the latest revision nine are recognised, in three of which the 
calyx is markedly gamosepalous, while in the rest the sepals 
are almost or quite free. Other distinctive points are foimd in 
the leaves, in the number and character of stamens and the 
relation between ovary and receptacle. 

Ihus Bauhinieae have a gamosepalous calyx and simple 
leaves; hv.caesalpinieae have sepals free, leaves all or some 
bipinnate, while Cassieae differ in having only simply pinnate 
leaves, and are further distinguished by having more or less 
basifixed anthers, with a terminal porous dehiscence (fig. 178, D); 
Kramerieae have the anterior pair of petals modified into fleshy, 
scale-like glands; Amherstieae have leaves simply pinnate, and 
the ovary-stalk is adherent at the back with the receptacular cup. 

Subfamily III. Papilionatae. Flowers zygomorphic, papilion¬ 
aceous; calyx generally gamosepalous, segments ascending 
imbricate, often bilabiate from the greater union of the two 
upper and three lower segments respectively. Petals generally 
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very unequal with descending imbrication; stamens inserted 
on the same level as the petals, generally ten. monade Iphous, 
or diadelphous, or almost or quite free; ovary sessile or stalked; 
radicle generally curved and accumbent. Herbs or more or 
less shrubby, rarely trees, with simple, or palmately, or simply- 
pinnately compound leaves; stipels frequently present. Flowers 
various mostly of moderate size and brightly coloured, sometimes 
very small and inconspicuous, solitary, or in spikes, racemes or 

heads, rarely cymose. ........ 

In this subfamily also it is difficult strictly to delimit tribes. 

Habit and especially the leaf-character are the best guides to 

their recognition. Ten may be distinguished, of which six are 

represented in our own flora. 

Tribes (1) Sophoreae and (2) Podalyrieae have free stamens; in the 
former the leaves are pinnate, in the latter simple or palmate. 
Sophoreae has 33 genera, the two largest of which 
and Onnosia, are distributed through the tropics of hot h^hem, 
spheres; the rest are small, often monotypic, mainly tropica 
genera with a restricted distribution, half of them being confined 
fo the warmer parts of America, ^/yr.ue h.s ^. gener^ 
30 of which are confined to Australia, especially the west and 
north - Podalyria and one other are South African, the remainder 
are North American and temperate Asiatic, and one {A nayyns) 

is restricted to the Mediterranean region and leneriffe. 

The remaining tribes have monadelphous or diadelphous 
stamens. 

Tribe (3). Genisteae. Shrubs or sometimes herbs with simple 
or digitately compound leaves and entire leaflets; stamens 
generally monadelphous. The 43 genera contain 9»0 specie^ 
A small*group of genera is confined to Australia and another 
to South Africa. The largest group contains Crotalana, with 
350 species generally distributed in warm regions, and 1* 
other genera^ The section Sportive (0 genera) mcludes 
Luninas a large principally American genus; S part mm with 
one sn^ies S junceum (Spanish Broom), a characteristic 
Mediterranean species-, Oenisla (100 species) m Kuropo 
British), N. Africa and W, Asia; and Laburnum « th three 
species in S. Europe; the remainder occur principally in th 

Mediterranean region or South Africa. ‘‘ 

(Ilex (Gorse) and Cylisus (Broom), which occur chiefly m Fijrope 
the Mediterranean region and West Asia; the seeds of 
and Broom bear an elaiosome, a large, orange-coloured appen¬ 
dage rich in oil. in the region of the hilum, and are distributed 

by ants. 
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Tribe (4). Trifolieae. Herbs or rarely shrubs, with pinnately or 
rarely palmately trifoliolate leaves, the veins generally ending 
in teeth; stamens diadelphous or sometimes monadelphous. 
Of the six genera, five are British: Ononis (70 species), chiefly 
in the Mediterranean region extending to the Canary Islands 
with a few in North and Central Europe (two British). Trigonella, 
70 species chiefly in the eastern part of the Mediterranean region, 
spreading north to Central Europe with one species ( T. omitho- 
podioid.es) in Britain, several in North Africa and temperate 
Asia, one in S. Africa and one in Australia. Medicago, about 
50 species in Europe, temperate Asia, North Africa, and at the 
Cape; five are British, and the Lucerne (M. saliva), an Eastern 
Mediterranean plant which has become widely naturalised, is 
also common. 31 el Hot us, about 20 species in the temperate and 
subtropical zones of the Old World: two are British, w'hile 
M. officinalis is a doubtful native. Trifolium, 300 species, 
chiefly north temperate, but w r ith a few r species on the moun¬ 
tains of tropical Africa, at the Cape, on the Andes and in 
subtropical South America; eighteen are native in Britain 
and others (as T. incamatum) are cultivated. 

Tribe (5). Loteae. Herbs or undershrubs with pinnately three- to 
many-foliolate leaves, and entire leaflets: stamens di- or mon¬ 
adelphous. Genera eight. Lotus, 90 species in temperate 
Europe and Asia, especially in the Mediterranean region, and a 
few in South Africa and Australia; L. corniculatus (Europe 
westwards to India) and four less widely distributed species 
are British. Anthyllis, 30 species in Europe, North Africa and 
Asia; A. Vulneraria is British. Hosackia , 30 species in Western 
North America. The remaining genera are small and occur 
chiefly round the Mediterranean area. 

Tribe (6). Oalegeae. Herbs, erect shrubs or more rarely trees or 
climbing shrubs, with pinnate leaves, and generally entire 
leaflets: stamens generally diadelphous. Genera 65. More than 
half tho species (about 1600) belong to Astragalus, and the 
majority of these inhabit the temperate regions of the northern 
hemisphere of the Old World, especially the Asiatic steppes; 
a few ascend into the Arctic area; three occur in Britain; a 
few are found in the mountains of tropical Africa and one in 
Natal; more than 200 are American, chiefly North American, 
but also occur in tho Alpine regions of the tropical Andes in 
(*hile. There are none in Australia. They are annual or perennial 
herbs, sometimes densely branched undershrubs or shrubs; 
many species become thorny by the hardening of the persistent 
leaf stalk. Oxytropis, a closely allied genus, has 150 species in 
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the temperate and colder regions of the northern hemisphere; 
two occur in Scotland. Robinia (six species) is NorthA™™an’ 
TPseud-acacia is the “Acacia ’ ^mmonly cultiva ed in 
southern England. Colulea (ten species), a South European 
genus includes C. arborescent (Bladder-senna of gardens). 
g Of the remainder the majority inhabit the warmer parts o 
the world, especially of the eastern hemisphere /rM ^°{ er 
(fig. 180), Psoralea and Tephrosia are large ropica 

subtropical genera, especially African. 

Tribe (7) Hedysareae , with fruit a lomcntum has 47 genera 

(over 700 species) ; about two-thirds are tropical or subtropical, 

ihe remainder occur chiefly in Europe, the Mediterranean region 

and temperate Asia, or the Andine region of temperate South 

America 1 The three British genera, Ormthopus , llippocrepis 
America. to t v ie Europe-Mediterranean■-\\ est 

Asiatic^entreof distribution. Arachis hypogaea (Ground-nut), a 
native of tropical America, is widely cultivated in warm countries 

for the oily seed. 

TVihfi rgi Vicieae Herbs, with paripinnate leaves, the rachis 

rr ms 

generally climbing f 0 Jder-plants• V. Faba (Broad Bean). 

a few in R , r Nissolia has grass-liko phyllodes; 

“tKi.fc «* 22*= 

rtti lts,,"": s.“. % r&t. 

(Lentd) h Asia; c ariet inum (Chick-pea) is culti- 

well-known. 

Tribe (9) Phaseoleae. CUmbing herbs or more rarely erect or 

shrubby very rarely trees. Leaves pinnate, generally t - 
shruboy, y ^ aUy with 8t ipels; stamens generally di- 

f °J 1 ? 1 *niw Genera 47 generally distributed through the tropics 
^d warmer parts of the earth. Phaseolus , the largest gem«, hM 
150 species in tropical and warm temperate regions. P muUt- 
Secret Runner) and P. vulgaris (French or Kidney 
^/ natives of South America, are widely cultivated. 


2 4 


R. II. 
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Erythrina crista-galli (Brazil) is a handsome garden plant. 
Physostigma venenosum (West Africa), Calabar or Ordeal Bean. 

Tribe (10). Dalbergieae. Trees or shrubs, sometimes climbing. 
Leaves pinnately five- to many-foliolate; stamens monadelphous 
or diadelphous; pod indehiscent, sometimes drupaceous. 
Genera 27, almost exclusively tropical; more than half are 
confined to the New World. Dalbergia (100 species) occurs in 
the tropics of both Old and New Worlds. Some are lianes 
climbing I)}' means of short branches which are sensitive to 
contact. Pterocarpus santalinns yields red sandal-wood. 

Order 15. MYRTIFLORAE 

Flowers regular, typically bisexual and cyclic, polypetalous, 

perigynous to epigynous; generally 4- or 5-merous (6-merous 

in Lythraceae), with diplostemonous or obdiplostemonous 

androecium and frequent reduction in the gynoecium. 

Stamens sometimes oo (Myrtaceae). Ovary multilocular to 

unilocular, with a simple style (except Haloragaceae) and 

generally numerous ovules on axile placentas. Endosperm 

usually absent. Herbs, shrubs or trees with opposite, less 

often alternate, simple generally entire and exstipulate leaves; 

internal phloem is often present in the stem. 

This order is closely allied to the last. It is characterised 

%» 

by an increased tendency to perigyny culminating in the 
complete union of the ovary with the floral axis in the 
typically epigynous families. Other characters are the 
simple style, the frequency of tetramery in the flower and of 
intraxylarv phloem in the stem. 

Family I. THYMELAEACEAE 

The plants are generally shrubs with much branched stems. 
Some species, inhabitants of dry countries where the vegetation 
above ground is destroyed by periodical fires, have a stout 
ascending underground woody rhizome from which new growths 
arise in the form of thick clumps of erect switch-like branches, 
which terminate in showy densely-flowered heads (species of Gnidia 
and Stelle.ru). High trees are rare, as in the Asiatic Aquilariu and 
allied genera, as also are herbs. The leaves are generally alternate; 
they are entire, shortly stalked or sessile, usually narrow or 
needle like, and often closely crowded on the stem, giving the 
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plant a heath-like habit. Sometimes they are broad and Hat, and 
then often have numerous parallel lateral nerves. Stipules are 
absent. The plants are generally glabrous. The family is repre¬ 
sented in Britain bv two species of Daphne , D. Laureola ^(Spurge 

") and k uLreur. (M-ereon), shrubs with few branchy 

and flattened more or less obovate leaves and small tubular 

^^anatomica^chTracter, absent only in the genus D^apeUs, 
is the presence of internal phloem ; in some geiitora also (as- Aqui- 

maceration in thin lace-like lasers. various forms; 

inflorescence is racemose and of v \ 

^ ^mes uni. 

wmrnmm 

W*§s=3z%ss=s- 

the sepals and arranged in an upper ana differing in the 

a single large anatropous thore are two un ited carpels 

bearing' a^ngle^style^tmd* containing a two-ce.led ovary, each 

Ch Inaktkolb , tu I tb > ^ Vi ^kdicatedbythebrigMlycobmred^ generally 
inany-flowerod inflorescences, ie 8* ovary• also by the 

occurrence of nectaries at the >as the flower, and the 

numerous cases of dimorphy or tnmorphv of the tioucr, 

occurrence of dicliny or dioecism. manner of development 

The nature of the fruit vanes with the manner° a » 

of the pericarp, which is thin, forming a dry nutlet, or the exocar, 
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is thick and leathery, or sometimes pulpy, when the fruit is a 
drupe (fig. 184). A drupe-like fruit is also formed by the fleshy 
development of the persistent base of the receptacle. In these 
latter cases the fruit is distributed by the agency of birds; the dry 
fruits which are very light and sometimes bear hairs, resembling 
a pappus, are carried by the wind. Endosperm is generally 
scanty or absent, and the embryo is large with thick convex 
cotyledons and upwardly pointing radicle (fig. 184, B). 

The family contains 40 genera 
and nearly 500 species. It is cos¬ 
mopolitan with the exception of the 
polar regions, but specially de¬ 
veloped in South Africa and Aus¬ 
tralia, and in the northern hemi¬ 
sphere in the Mediterranean region 
and the Asiatic steppes, forming 
a characteristic element of the 
vegetation of the latter. Generally 
they are dry-country plants. The 
genera are, as a rule, of limited 
distribution, with exceptions, such 
as our British representative 
Daphne, which spreads through¬ 
out Europe and Central Asia to 
China and Japan and southwards 
to the Indo-Malayan Archipelago. 

The small and somewhat anomalous 
genus Drapetejs, a low-growing plant 
with a moss-like habit, has a wide 
distribution in the southern hemisphere, being represented by 
species in Tierra del Fuego, New Zealand, Tasmania and S.W. 
Australia, Borneo and New Guinea. 



Fit;. 184. A. Flower of Daphne. 
Mczercum. B. Drupe of same 
(e, endosperm); both in vertical 
section; enlarged. (\ Floral dia¬ 
gram of Gnidia aurca. D. Floral 
diagram of Daphne. (A. B after 
Wettstein; C, I) after Eichler.) 


Family II. ELAEAGNACEAE 

A small family of generally much branched erect shrubs, some¬ 
times trees, densely clothed with silvery, brownish or golden- 
coloured scale- or stellate hairs. The leaves are alternate or 
opposite, and entire, without stipules. The flowers are axillary, 
either solitary or in clusters of a few, or in short racemes. In 
Elacmjnus they are bisexual or male, in Hippophae and Shephcrdia 
(North America) dioecious or sometimes diclinous. The bisexual 
and female flowers have a more or less tubular receptacle, the 
lower part as in Elaeagnus, or the whole as in Hippophae, en- 
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closing the ovary; in the former case there is a constriction above 
the ovary and the upper portion falls after flowering while the 
lower remains enveloping the fruit; in the latter the whole persists 
round the fruit. In the male the receptacle is cup shaped or 
nearly flat. The two ( Hippophae ), four or sometimes more 
sepals spring from the edge of the receptacle; they are valvate ,n 
the bud. Petals are absent. The stamens are borne at the mouth 
of the receptacle, and are either equal in number and alternating 
with the sepals ( Elaeagnus ), or twice 
as many ( Hippophae ): the anthers 
are attached dorsally and open 
lengthwise. Rudiments of the sup¬ 
pressed pistil or stamens are generally 
absent. A disc in the form of 
glandular developments of the re¬ 
ceptacle, which alternate with the 
stamens, is sometimes present, lhe 
ovary is one-celled, containing a 
basal anatropous ovule with two 
integuments, and bears an elongated 
thread-like style ending in a capitate 
stigma. The fruit is berrv-like or 
drupaceous ( Elaeagnus ) from the 
development of the persistent re- 
ceptacular tube; the true pericarp 

is thin. The fleshv covering is often Q 

edible and of pleasant taste and Fu.. 1*». A 
attractive to birds. The seed has a Pruit’of Elaeagnus, in 

hard testa and contains a straight 
embryo with thick, fleshy cotyledons 
and a radicle pointing downwards, 
there is little or no endosperm. 

The small flowers of Hippophae are 
wind-pollinated; those of the other 
two genera have nectar-secreting 
glands, while the fairly large yellow 

or white sweet-scented flowers of fruits 

Elaeagnus are obviously adapted for msect-pollmatmn. lhe fr - 
are admirably adapted for distribution by b.rds owing to the.r 

fleshy coat enveloping a well -protected seed. 

There are three genera and about 20 spec.es (more than half 

of which belong to EUuagmu i) chiefly in the north 
subtropical zone of both Old and New or s, Thev 

Elaeagnus occur in the tropics in the Indo-Malayan g ■ - 

are generally xerophytes inhabiting eteppes or 8 ea-coa,ts, or 





tion. B. Fruit of Elaeagnus, in 
vertical section; o, outer fleshy 
laver; i, inner hard layer of per- 
sistent receptacnlartube; *. hard 
seed-coat. The true pericarp is a 
thin layer bet ween i and s. h loral 
diagrams of C. E. angiisUfolta 
bisexual flower; D, male, and 
E, female flower of Hippophae 
rhamnoide*: d, disc. (A, B en¬ 
larged. after Wettstoin; C, 1>. 
E after Eiehler.) 
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dried sandy river-beds. The family is represented in Britain by 
Hippophai rhamnoides (Sea-buckthorn), which occurs in places 
on sandy sea-shores on the east and south-east coasts and has 
been planted as a sand-binder elsewhere. It is a shrub with 
slender branches, some of which may be short and spinescent: 
the leaves are silvery beneath. The flowers are borne on the old 
wood; the globose or oblong fruit is orange-yellow in colour. 

The family is nearly related to Thymelaeaceae, with which it 
has a similar development of the receptacle. 

Family III. LYTHRACEAE 

A family of 23 genera and 450 species, chiefly tropical, 
the number rapidly diminishing as we approach temperate 
regions; absent from the cold zones. It is represented in 
Great Britain by Lythrum Salicaria (Purple Loose-strife), 
frequent in damp places from Argyll and Perth southwards, 
a second very local species ( L. hyssopifolia) confined to a few 
southerly English counties, and Peplis Portula (Water- 
purslane), a small herb growing in moist places from Caithness 
southwards. 

In temperate climates the plants are annual or perennial 
herbs, but in warmer are often shrubby, and sometimes form 
trees, as in the Old World genus Lagerstroemia, and the 
tropical American Lafoensia. A constant anatomical character 
is the presence of internal phloem, the vascular bundles of 
the stem being bicollateral. The leaves are generally opposite, 
and always simple and entire, with very small stipules. The 
flowers are borne in racemes, each flower springing from the 
axil of a leaf- or scale-like bract ; the two bracteoles may be 
barren, as in the subgenus Hyssopifolia of Lythrum , or, as in 
the subgenus Salicaria , branching occurs in their axils and 
a number of axillary dichasia are produced. In both cases 
further branching may occur and large compound often 
pyramidal inflorescences result. 

As in our British species, the flowers are generally 6-merous, 
a smaller proportion are 4-merous, and the rest shew varia¬ 
tions between 3- and 15-merous. In the tropical American 
Lafoensia the flowers are 9—15-merous. They are bisexual and 
regular or, as in Cuphea, zygomorphic. The receptacle is 
hollow, generally tube-like, and the sepals spring from the 
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margin- they are valvate in aestivation. An epicalyx is 
frequently present (as in Lythrum) formed by the union. in 
pairs of sepal-stipules. The petals, which are also free 
alternate with the sepals on the cup-raargin; they hav i a 

crumpled aestivation, are generally fugacious and often red 

or purple in colour. They are sometimes absent, as in PepUs 
and some allied genera with smaU flowers, such as A — 
and Rolala, many species of which are cleistogam.c. The 

• rjn thp inside of the receptacle-cup, 

stamens are inserted on the inside oi r , 

often low down, and are generally twice as many as ep« 



Fni. 186. A. Floral dia«ram of Lylhnnn Mg”*- «• 

S3 JT 2S£ XTc 

or petals-, the inner whorl (antepeta.ous) may be absent,^ 
further reduction occurs, as in Rotala a. sma g 

allied to Peplis, where there is somet.mes only one. ^ 

There are two to six carpels united to 

a—1, and 

ascending. The fruit is a capsule with ^nous dehiscence^ 1 he 
embryo Is straight with flat cotyledons (folded ... Laj 
stroemia) and completely fills the see . 
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Cuphea is the largest genus, with 200 species in America, chiefly 
in Brazil and Mexico; a few species are known as greenhouse plants. 
The flowers are zjgomorphic from the development of the recep- 
tacular cup into a spur on the posterior side of the flower, accom¬ 
panied by reduction in size of sepals and petals towards the 
anterior side and abortion of the posterior stamen. The plants 
are often covered with sticky glandular hairs, and the flowers are 
borne singly between the leaves (which are opposite-decussate) at 
each node. This anomalous position of the flower is explained 
(fig. 18 r C) by assuming its displacement from the axil of the 
leaf in which it originates upwards through one intemode, where 
it springs from the stem vertically above its own leaf but between 
the leaves at the node in question. Lythrum has 25 species, which 
are found mostly in damp places, in Europe. Asia (chiefly bordering 
on the Mediterranean and in the steppe region), Africa (chiefly 
North Africa) and America; two occur in Australia and one in 
New Zealand. L. Salicaria is one of the few species found in both 
Old and New Worlds, spreading from Europe through temperate 
Asia to Japan, and occurring also in the north-eastern United 
States and southern Canada, as well as in south-east Australia. 
Its flowers, which are of a fine purple colour, are trimorphic, 
having long-, mid-, and short-styled forms, with the two whorls 
of stamens in the other two positions respectively. Cross-pollina¬ 
tion is effected by bees which seek the nectar secreted in the base 
of the receptacle. Peplis has only three species, one North American, 
our native species, P. Portula , which is European, and a third in 
temperate Asia. Some genera yield colouring matter; the most 
important is the tropical Old World Lawnonia inermis, from which 
t he rod dye. Henna, is prepared, much used in the East for colouring 
finger-nails, etc. Lafoensia (tropical America) and Lagerstroemia 
are useful timber-trees; the tropical South American Physo- 
cah/inin a scaberri rnn m yields a much prized rose-coloured wood. 


Family IV. PUNICACEAE 

rim genus Punka , regarded by Bontham and Hooker as an 
anomalous genus of Lythraceae, is now generally placed in a 
distinct family. Punicaceae, which comprises only two species 
P. Cranntum (Pomegranate) and P. protopunica. The Pome¬ 
granate is found wild from the Balkan Peninsula to tho Hima¬ 
layas. but has been cultivated from the earliest times, and is now 
widely distributed in warm regions. The second species is a native 
of Socotra. Pun ica is distinguished from Lythraceae by the union 
of the ovary with the receptacle. The numerous stamens spring 
from the inner face of a thickening of the receptacle above the 
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ovarv ‘ P prolopunica has one series of carpels, but in P. Granat ^ 
ther? are' two or three series which are originally concentric, but 

in the course of development of the ovary the out ^ r 
carried up so that the series become ultimately superposed; The 
plantation of the numerous anatropous onpnall^ 

axile but following the alteration of position of the o 
the placentas of the upper series come to ' Tf 

chambers by the thm walls "' ^ X jiich contains a refreshing 
is the pulpy outer coat of the seeds wmcr vtheem b rV o 

acid juice. The inner seed-coat is homy ancI is W1M D> 
which has large cotyledons rolled one on the othe . 

The plants are small trees or somet.m«bush« the twigs 

ending in a spine; the leaves are f scarlet, 

on short shoots; stipules are absent. The she y g end 

flowers are bome solitary or a few in a cluster (a cj me, 

of short leafy shoots. 

Family V. SONNERATIACEAE 

Sonneratiaceae is a small family including 

Lythraceae, of tropical (Asiatic an Mangrove vegetation 

Sonneratia ^ ieS J f E '^°Africa'" these bear the characteristic 
of tropical Asia and kast Ain , vart i or more 

SffiSBsa - "a 

'.'.ts is™. 

is present in the stem. 

Family VI. RHIZOPHORACEAE 
A small family (17 genera, GO speeiee) of vwl: lj ^llerally 

shrubs or small trees, with simple ev ergre M of thom f orm 

opposite leaves with cad^ous « ip' • vcget ation of muddy 
characteristic components of the Mai g * their lower por- 

coasts and estuaries m the tropics. At high tide « ^ & ^ eyi| . 

tions are flooded by the sea, at low - adaptations to their 

smelling mud. The plants show remar w hich perishes 

habitat. In Rhizophora the short,‘rf,v curving route, the 
early, is supported by large dow \ lonticels which 

exposed portions of which bear numerou spa ces between 

allow ready communication through in t 



FLOWERING PLANTS 


378 

the atmosphere and the submerged portions of the roots. In 
species of Ceriops aeration is similarly effected by slender negatively 
geotropic lateral branches which spring from the horizontally 
creeping submerged roots. The species of Bruguiera, which grow 
on less exposed portions of the Mangrove, have a normally de¬ 
veloped stem, sometimes reaching a considerable height, with 
correspondingly fewer prop-roots. Aeration of the submerged 
roots is effected by knee-like upgrowths of the horizontally 
creeping submerged roots. 

The leaves possess in a marked degree the xerophytic structure 
of plants associated with salt-water, having a well-developed 
water-storing tissue below the strongly cuticularised upper 
epidermis. 

The flowers are borne singly or in few-flowered cymose clusters 
in the leaf-axils. They are bisexual or sometimes unisexual by 
abortion, regular, and perigynous or more or less completely 
epigynous. The floral envelope is generally 4- or 5-merous, com¬ 
prising an outer whorl of fleshy or leathery persistent sepals and 
an inner whorl of petals, which are generally shorter than the 
sepals, free, anti often have a claw and a more or less lobed or 
cut blade. The stamens are 8 to oo in number, and situated on 
the outer edge of a lobed perigynous or epigynous disc, generally 
in one series. The anthers are four-celled (except in Rhizophora 
where there are numerous pollen-sacs, fig. 187, F) and dehisce 
introrsely by longitudinal slits. According to the development of 
the floral axis the ovary is free or half- to completely inferior; 
it is generally formed by union of two to four carpels, and contains 
as many chambers, which may however be incompletely separated. 
There are usually two ovules in each chamber, pendulous from 
a central placenta, and anatropous with the micropyle directed 
upwards and outwards. There is generally a single style with a 
small lobed stigma. The fruit is a berry, more rarely a diV 
or somewhat fleshy capsule, and is sometimes one-seeded and 
indehiscent. There are one or more seeds, which are sometimes 
arillate. The generally straight embryo is often green, with two, 
sometimes three or four, cotyledons, which may be more or less 
united. Endosperm is usually present. 

In the Mangrove-species the seeds germinate on the tree. By 
growth of the cotyledons, and later of the hypocotyl, the latter 
pushes through the widely open micropyle and the pericarp, 
reaching a length of 20 to 40 cm. or even a metre. In Rhizophora, 
Ceriops and others it becomes detached by separation from the 
cotyledons and falls from the tree; in Bruguiera the fruit falls 
with it. The root-end penetrates the mud and rapidly becomes 
attached by development of the main root or lateral roots. If 
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187 Hhizophora Mangle. A. BrU ; l ^ n *TtfS‘‘aortal and'two sUme.^ 
K diagram. C. **«”*5«£55; =• n»»«™“ 

E Side view of stamen. I*. J. ran8V th h vp ocotyl protruding .it the aw 

™ d rK„ : ££5“? 

oFthe cotyledon, in which the I* C-F enlarged, A, << 1 n< u “ 

out the hvpocotyl. A. be*m»J £ ^ /J r<w .; H. 1 after Kcrner.) 

(A-C, G after Baillon; E, * “ ,ur rw 
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the mud is flooded the seedling may be carried on the tide and 
stranded later. In Rhizopkora and Ceriops the endosperm also 
grows out of the micropyle and down over the wall of the seed. 

The family is exclusively tropical and mainly Old World. The 
Mangrove-species have a wide range of distribution; Rhizopkora 
Mangle , for example, is characteristic of the American and West 
African Mangrove vegetation; those growing inland occupy, on 
the contrary, a very restricted area. 

Family VII. COMBRETACEAE 

A tropical or subtropical family of trees or shrubs, sometimes 
climbing, with opposite entire leaves without stipules and flowers 
in racemes. The flowers are bisexual, or unisexual by reduction, 
regular with a tendency to zygomorphy, and 5-merous or some¬ 
times 4-merous. The floral axis is carried above the ovary, forming 
a tube. Sepals with generally valvate aestivation. Petals small, 
alternating with the sepals, sometimes absent. Stamens bent 
inwards in the bud, 4, 5, 8 or 10, rarely oo ; generally twice as 
many as the sepals, in two series, the lower opposite the sepals, 
the upper alternating with them, the upper series sometimes 
reduced or absent. Ovary inferior and one-chambered, generally 
angled, the angles equal in number and alternating with the 
calyx-segments; ovules two to five, rarely more, anatropous, 
pendulous from the top of the ovary on long often united funicles; 
micropyle turned upwards and outwards. Style one, long, filiform, 
bearing a pointed, rarely capitate stigma. The receptacle tube 
bears a disc which is sometimes hairy. Fruit leathery or drupe¬ 
like, one-seeded, two- to five-angled, the angles often forming 
broad membranous wings. Seed without endosperm; cotyledons 
spirally rolled or irregularly folded, rarely planoconvex. Internal 
phloem is present in the stem. 

There are 17 genera containing about 500 species, the greater 
number of which belong to Terminalia and Combretum. 

The members of this family are rich in tannin, which occurs in 
bark, leaves and fruits; myrobalans (ripe fruits of Terminalia 
Chebula) are an important article of commerce in India. Species 
of Terminalia and others yield timber. 


Family VIII. LECYTHIDACEAE 

A small tropical family (about 150 species in 20 genera) of 
trees with often very large, alternately arranged, entire leaves, 
generally closely crowded at the ends of the branches. Stipules 
are wanting. An interesting anatomical character is the presence 
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of a series of cortical bundles which also run up as separate 
strands into the leaf-stalk and remain distinct in the midrib an 
largest lateral veins. The bisexual flowers, which are oftenjarge 
are solitary or in simple or compound racemes. The floral ax s 
and ovary are completely united, and above the calyx the axis 
forms a Hat disc to which the stamens and petals (when pres*?ni •) 
are attached and which is further variously developed inside the 
aruiroecium. There are generally four to six free sepab which 

persist in the fruit, and an equal number of 

petals which fall with the stamens. In the ^rkable ues 

tronical African Napolemw. there are no petals. 1 ht androecium 

Thews grfat diversity of development; the numerous stamens are 

a^ngS in-several whorls, often partly sterile, the members of 

which are more or less united at the base; in .Vnpofeona the outer 

whorl forriis a conspicuous corona-like structure. In 

stamens are bent inwards ; their unequal development .nay rt.jde 

the flower zygomorphic, as in Cauroup.ta or 

ovary has aeneraUy two to six chambers, with 1 x ana I 

ovules irTeach; th e y position of the ovules is very 

ascending, horizontal or pendulous. The simple 8 V'XcSd bv 
capitate or lobed stigma. Pollination .8 presumably .fleeted b, 

insect-agency or in some cases by humming- *in *■ 

The fruit is drupaceous, berry-hke or capsular, of £ ’ 

as in the woody fruits of Bertholletia (Braz.l-nuy and L ^ 
In the latter the intrastaminal disc persists and forms a bcU.ke 

cover which separates when the fruit is ripe. Brazil-nut 

pletely fills thi seed, and is sometimes, as in the : 

undifferentiated, consisting mainly of the " iu ^ f : 

rntvl The oilv seeds of Bertholletia are the Brazil-nuts ot com 

merce; those of species of the allied genus Lecyth,s (Sapuca.a-nut) 

are also eaten; both are natives of tropical America. 

Family IX. MYRTACEAE 

A large tropical and subtropical family containing^ 
genera and about 2750 species of woody plants wi P! 
exstipulate generally entire leathery evergrecn lmvv ^ I cy 
are generally moderate-sized or small trees, or ^rubs but 
shew every variety from small creeping undershrubs to gian 
trees, as the Eucalyptus, some species of which attam torn 
400 to 500 feet in height with a girth at the base of 90 teth 
In Australia, which is one of the chief centres of ^velopmen 
of the family, many of the species shew adaptations to 
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dry climate and strong sunlight in their needle-like leaves 
with a triangular or circular section, or in the assumption of 
a vertical position of the leaf-blade by twisting of the stalk. 
Constant anatomical characters are found in the bicollateral 
vascular bundles, and the numerous spherical glands con¬ 
taining ethereal oil which arise lysigenously in the cortical 
parenchyma of the young stem, beneath the epidermis of the 
leaf, as well as in the floral organs and the fruit. 



Fi«;. IMS. Psidium Guayava. A. Branch with young fruit, x J. B. Flower-bud, 
x l.J. (\ Flower in vertical section. D. Stamen, x 15. E. Ovary cut across, 
x 8. F. Seed cut longitudinally shewing embryo, x 0. (After Niedenzu.) 

The flowers are sometimes solitary in the leaf-axils, as in 
Myrtle (Myrtus communis) and Guava (Psidium Guayava); 
but generally in cymose, more rarely racemose, branched in¬ 
florescences. They are bisexual, regular, cyclic and generally 
epigynous (as in Myrtle, and Psidium, fig. 188), but union 
between receptacle and ovary is not always complete so 
that various degrees of perigyny occur. The most general 
arrangement of the flower is expressed by the formula S4—5, 
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P4-5, Aoo, G(2—5). The sepals are generally free and im¬ 
bricate with quincuncial arrangement; in some genera they 
are more or less united, and when the flower opens, may 
become regularly or irregularly torn off like a cap. In 
some cases they are much reduced, and in most species 
of Eucalyptus are inconspicuous or absent. The peta - 
are generally free and more or less circular in form, in 
Eucalyptus they unite to form a cap which separates from the 






AV 


.... A Flower-bud; the i>etals form a can of two 

Fm. 189. Eucalyptus globulus. A-*| flower-bud in vertical section, 

layers the outer of which has heen r usecL tt. . , lttl ,oculicidally 

receptacle when the flower opens; in E. globulus { fig- 
cap consists of an inner and an outer layer. Tte — 
are free and when numerous are arranged indefinitely 
whorls on the edge of the receptacle. More rarely they arc- 
in obdiplostemonous whorls or groups isomerous mth t e 
corolla ,or are reduced to a single whorl which is then^genemfly 
antepetaloiLs, as in Melaleuca. The anthers are usually don 
fixed and versatile, the cells deh.scmg mtromely by long, 
tudinal slits; the filaments are bent inwards in flu bud 
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(fig. 189, B). The simple style is long and generally kneed 
or flexuose in the bud; it ends in a simple capitate stigma. 
The ovary varies from one- to qo- chambered, with 2-ao 
generally somewhat obliquely pendulous anatropous or 
campylotropous ovules, situated on axile, rarely parietal, 
placentas. 

The flowers are entomophilous. The conspicuous coloured 
androecium often serves as an organ of attraction; an ex¬ 
cellent example is afforded by the Australian Bottle-brushes 
{Callistemon), where the numerous long filaments form a 
scarlet brush many times longer than the corolla. Several 
species are known in cultivation as greenhouse plants. 

The fruit supplies valuable characters for subdivision of 
the family into subfamilies and tribes, as follows: 

Subfamily I. Myrtoideae. Fruit a beny or very rarely a drupe. 

Tribe 1. Myrteae. Chief genera, Myrtus , Psidium, Pimento , 
Eugenia. 

Subfamily II. Leptospermoideae. Fruit dry. 

Tribe 2. Leptospermeae. Ovary several-chambered; fruit a 
loculicidal capsule. Chief genera, Metrosideros, Eucalyptus , 
Callistemon, Melaleuca. 

Tril>e 3. Chamaelaucieac. Floral axis produced above the ovary, 
which is unilocular, forming a dry, generally one-seeded fruit. 
Chief genera, Calycothrix. Chamaelaucium, Darunnia, Verti- 
cordia\ mainly West Australian. 

As a general rule only few or one of the ovules in the 
chamber or ovary develop into a seed. The testa is horny, 
as in Myrtus and its allies, or cartilaginous, leathery or 
membranous; in some species of Eucalyptus it is winged. 
The embryo which fills the seed is straight, or more or less 
bent or spirally rolled. 

Tito family finds its chief development in two areas. Tropical 
America is the great centre of the berry-fruited Myrteae , and 
Australia of the other two tribes. They also occur generally 
throughout the warmer parts of the earth but fewer in number 
both of species and individuals. In S.W. and S.E. Australia 

is the most prominent family, and the large forests of 
Eucalyptus represent a considerable portion of the wealth of West 
Australia. Myrtus communis (Myrtle) in the Mediterranean region 
is the only European representative; the genus (60 species) is 
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one of the most widely distributed, occurring in the warmer parts 

0t E^y;^T^ on account of the hard wood of many 
of its species, their rapid growth and the antipyre ic proi^ > 
the contained oil. They also yield a gum- r esm. C <-«« ^e 
dried flower-buds of Eugenia caryophyllala, anativeof^ theMoluccaa. 
Psidium Ouayava (Guava) and other spec.es are generally cult, 
vated in the tropics for their delicious succulent fruit 


Family X. MELASTOMACEAE 
A considerable family (about 170 genera and .3000 sj**ies) 
occurring in 

eh= ra nleWh^nTof oil-glands in the vegetative organs, 



Flu. 1»0. A. Portion o, Inflon-jne. o. 

^£“i£ r A S (A. B. after 

Naudin; D after Eichler.) 

SS" U a P ;c a a r . d ^re“ r Td ££ 

^Th^Xnts shew” great ''di versity of habit, including herbs, 
^containing tissue (ajenchy 1 nJttrwh . inhabitrin g species 

S5SS?rartrs-trraas 


R. II. 
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decussate, rarely whorled and exstipulate. They are often large, 
and in some genera conspicuously spotted or variegated, as 
in species of Sonerila and Bertolonia. The two leaves of a pair are 
sometimes unequal (anisophylly), and this is frequently associated 
with the development in the larger leaf of sac-like outgrowths on 
the upper face which serve as shelters for ants; these domatia are 
entered from the lower leaf-face. They may occur also on the 
leaf-stalk. In return for shelter the ants protect the inflorescence 
from unbidden guests. The often showy flowers are arranged in 
cymose inflorescences. They are bisexual, regular or slightly zygo- 
morphic, and generally 4- or 5-merous with two whorls of stamens; 
the sepals, petals and stamens are perigynous or epigynous on a 
tubular or bell-shaped receptacle. The sepals are sometimes re¬ 
duced to a mere rim on the floral axis, or are united to form a cap: 
in other cases they are free and persistent. The petals are free, 
generally brightly coloured, and twisted to the right in the bud. 
The stamens are all alike, or alternately different in length and 
form, sometimes staminodial. The form of the appendage on the 
connective affords a useful character for distinguishing genera. 
The ovary is sometimes free, but generally more or less completely 
united with the sides of the hollowed receptacle; it bears a simple 
style and is generally chambered, with indefinite ovules. 

Pollination is effected by aid of insects or in oome cases pre¬ 
sumably by humming-birds. The coloured bracteoles and red axis 
of the inflorescence serve in some cases as an attraction. The fruit 
is a capsule opening loculicidally, or a berry; the generally 
numerous small seeds are straight or bent and contain a very 
small embryo with fleshy cotyledons; endosperm is absent. 

The berried fruits of epiphytic species are distributed by tree- 
loving birds, the seed being dropped in the excrement. 

Species of Med in ilia, Centradenia and others are grown as 
garden flowers in the tropics, or greenhouse plants in temperate 
climates; and species of Oravesia , Sonerila and Bertolonia for their 
variegated leaves. 

Family XI. ONAGRACEAE 

Flowers generally bisexual and regular, epigynous, the 
floral receptacle adhering completely to the ovary and being 
produced above it into the so-called calyx-tube which is often 
petaloid and sharply distinguished from the ovary from 
which it generally becomes separated after flowering; sepals, 
petals and stamens spring from its upper edge. Generally 
tetramerous with two whorls of stamens. 
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Generally herbs with alternate or opposite exstipulate 

leaves and axillary or racemose flowers. 

About 500 species in 38 genera, in temperate and sub¬ 
tropical regions; a few in the tropics. 

A few members of the family are annuals; such are species 
of Epilobium, Clarlcia , Godetia. Others, such as Oenothera 
biennis , are biennial, forming in the first year a large tap¬ 
root. The majority are, however, perennial. They are mostly 
herbaceous, sometimes becoming shrubby or arborescen 
(Fuchsia ); Fuchsia apetala and allied species have a woody 

climbing stem. 



Fig. 191. Trapa nalan,. A. Upper part of plant. H. Fruit. Reduced. 

(After \V ettstein.) 

Jusaieua and Ludwigia are herbaceous or shrubby marsh or 
water plants. The former, widely distributed in the tropics of 
both Worlds, contains aerenchyma in the cortex of t 
and submerged stems; frequently special respiratory 
are developed on the upper surface of the horizontal sub¬ 
merged stem and reach to the surface of the water_ 

Trapa (Water Chestnut) (three species, lentral Europe 
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Eastern Asia and tropical Africa) is a floating annual, with 
a rosette of leaves at the surface of the water supported by 
the inflated leaf stalks; the submerged stem bears at the nodes 
pairs of finely-branched roots (fig. 191). The genus is anomalous 
in many respects in the family, and represents an ancient 
type which was more widely distributed in the Tertiary 
period and in later times had a wide range in North and 
Central Europe, indicated by partially fossilised fruits, as in 
the Cromer forest-beds. 

In germination the cotyledons come above ground and 
function as the first green leaves of the plant. A number of 
species of different genera ( Clarkia , Oenothera , Epilobium and 
others) are of interest from the fact that by intercalary 
growth, a large blade resembling the subsequently developed 
leaves in form, texture and hairiness is developed below the 
original cotyledon. The latter is then borne at the tip of the 
leaf thus formed, and is often delimited from the new growth 
by a constriction. A detailed account will be found in 
Lubbock’s Seedlings , under the family Onagraceae. In 
Trapa the cotyledons are remarkably unequal, the larger, 
rich in starch, occupies the greater part of the large seed; 
the other is small and scale-like. In germination the larger 
remains in the seed while the smaller is carried up on the 
slender hypocotyl. 

The leaves are simple and pinnately veined; they are 
generally undivided, with an entire or inconspicuously 
toothed margin; bundles of raphides occur in the tissue. They 
are alternate, opposite or whorled. Circaea has opposite leaves, 
but in E{niobium the same species may have them both alter¬ 
nate and opposite. They are generally exstipulate, but small 
caducous stipules occur in Fuchsia, Circaea and other genera. 
An anatomical feature is the presence of internal phloem in 
the stem. The flowers are often solitary in the leaf-axils, as in 
many Fuchsias, Clarkia and others; they are frequently asso¬ 
ciated, as in Epifobium and Oenothera, forming large showy 
terminal leafy spikes or racemes. The small white or red 
flowers of Circaea are borne in terminal and lateral racemes. 

The flower is regular and formed on a tetramerous plan; 
S4, P4, A4 4 - 4. G(4), may be regarded as the typical formula. 
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while in the closely allied Californian Eucharidium they are 
absent, as also in Trapa. This is also the case in Dudwigia 
(fig. 192, B), a genus chiefly North American, but one species 
of which, L. palustris, is a very rare British plant, with 
minute green apetalous flowers, occurring in boggy pools in 
Sussex and Hants. Circaea (Enchanter’s Nightshade) (fig. 
192, D) shews still further reduction, having a dimerous 
flower, the parts of which spring from the top of a very 
slender stalk-like calyx-tube, which adheres to the base of 
the style (fig. 193, D). 3- and 5-merous flowers also occur in 
the family. 



Fio. 194. A-C. Oenothera biennis. A. Flower in vertical section, x J. B. capsule, 
x C. Seed, enlarged. I). Flower of Fuchsia nuigellanica in vertical section, 
slightly reduced. E. Berry of F. microphylla, x £. F. Flower of Lopezia 
coronata ; s, staminode; x 3. (After Rnimann.) 

The sepals and petals are free; the former have a broad 
base, are valvate in aestivation and reflexed in the open 
flower; they may be petaloid in character, as in Fuchsia. 
The petals are generally convolute with a narrow' insertion 
and are entire (many Fuchsias), or bilobed, as in most 
species of Epilobium , Clarkia elegans and others, or tri- 
lobed as in Clarkia pulchella. In some Fuchsias they are 
small and scale-like, in others absent (as in F. apetala). The 
stamens are free; those of the inner (antepetalous) whorl are 
generally shorter than those of the outer (antesepalous). The 
Central American genus Lopezia has only one fertile stamen, 
in the posterior plane, opposite which is a petaloid staminode 
(figs. 192, C, 194, F). The anthers are often divided into two 
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(Circaea) or several (Clarkia, etc.) stories by transverse plates 

of parenchymatous tissue. The pollen-grains are generally large 

and spherical, have three pores with protruding stoppers and 
are connected by viscid threads. In Epilobium they remain 
united in tetrads. The ovary is typically 4-celled with axile 
placentas and numerous ovules; the septa are often incomplete. 
Circaea has a 1-2-celled ovary with one ovule in each cell, lhe 
style is simple, generally long and filiform, with the stigma 
capitate (Fac/ma),or4-rayed (species of EpilobiuviOenothera) 
or notched (Circaea). The ovules are anatropous, and ascending, 
horizontal or descending. Trapa is distinguished from the 
rest of the family by its half-inferior ovary, which is moreen er 
bilocular with a pendulous anatropous ovule in each chamber. 

The pendulous flowers of some Fuchsias are wind-polhnated, 
but most Onagraceae are adapted for insect-visits, chiefly 
of bees and Lepidoptera; they are often pollinated by mg i - 
fliers, in which case the flower is pale and opens towards 
evening (as Evening Primrose). Nectar is secreted by a 
swollen disc at the base of the style, or by nectaries situa t 
on the lower part of the calyx-tube. The flowers are often 


The fruit is generally a capsule splitting loculicida V- 
leaving a central column bearing the seeds, as in Oerwthe 
and Epilobium ; in the Willow-herbs dissemination ^ effected 
by a long pencil of hairs at the broader (chalazal) end of the 
seed. FucLta has a berry, while in Circaea the indeh.scen 
1 -2-seeded fruit is nut-like, and bears numerous recun ed 
bristles. In Trapa it is a large somewhat top-shapec one 
seeded drupe the fleshy layer of which soon fl»^ppear, 
leaving the stony endocarp bearing two to our U P' 1 • 

projecting thorns (the persistent sepals) which are oftei 
barbed at the tip; the barbs represent strands ot scltre 
chyma which remain after disappearance of the soft *• 
(fig. 191, B). The seeds are exendospermic. 


The family finds its chief development "'V ^ 1C ^e wicloU* 

of the New World, especially on the Pacific side Hie » • ^ 

distributed genus is Epilobium (Willow-her ), i® one chala/al 
are eminently adapted fordistribution by means of the long ch»la^ 

tuftof hairs; it contains nearly 200 species( 12 Br itish),i 
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hybrids, spread over the whole world with the exception of the 
tropics. The next largest genus is Oenothera with about 100 species 
in North and South America. O. biennis (Evening Primrose), a 
North American species, is less commonly naturalised in Europe 
than O. Lamarckiana. which is of special interest from its association 
with De Vries’s w’ork on Mutations. Fuchsia has 60 species in 
South and Central America and a few in New' Zealand. Circaea 
is a small genus (seven species); C. lutetiana (Enchanter’s Night¬ 
shade) is common in the north temperate zone in damp woods; 
a second species, C. alpina, which grows in hilly districts on the 
western side of Britain, extends to within the Arctic circle and to 
the mountains of Southern India. Several of the genera are of 
horticultural interest. Fuchsia (F. coccinea) was introduced from 
South America in 1788. The numerous garden forms are mostly 
hybrids in which F. fulgens plays an important part. The half- 
hardy shrubby species are varieties of the Chilean F. macrostemma, 
a shrub 6-12 ft. high with a scarlet calyx. The berries of some 
species are edible. Oenothera , Clarkia and Godetia are well-known 
border plants. 


Family XII. HALORAGACEAE 

A small but widely distributed family most nearly related to 
Onagraceae, but differing in anatomical characters (absence of 
internal phloem and raphides) and also in the one-celled ovary- 
chambers, free styles and copious endosperm in the seed. Adaptation 
to wind-pollination and a more or less aquatic life have been 
factors in its development. The plants are herbs with remarkable 
differences of habit more or less associated with the mode of life. 
They are chiefly water- or marsh-inhabiting, but land plants also 
occur. Our British genus Myriopkyllum (Water Milfoil) comprises 
marsh or aquatic herbs, with generally whorled, but sometimes 
opposite or alternate, finely piimatisect leaves. Haloragis consists 
of damp-loving herbs often reaching a considerable size (3 ft.), 
with alternate or opposite leaves which vary from linear to 
broadly cordate. Several species of Gunnera are enormous water- 
side herbs, with a subterranean or a short stout terrestrial stem 
bearing large spirally arranged long-stalked leaves with a broad 
cordate or reniform blade. G. ehilensis and other species grow on 
rocks; the former is a handsome plant known in cultivation as 
G. scabra. The leaves are generally exstipulate, but in (hinnera 
stipules are represented by intravaginal scales, several rows of 
W’hich stand in the axil in front of the leaf-base; in G. wagellanica 
they are ochreate. I he stem of Myriophyllum shews characteristic 
aquatic structure—a large cortex traversed by numerous air- 
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containing intercellular spaces, and a central axis limited by a 
well-marked endodermis in which the few vascular elements are 
arranged in bundles isomerous with the leaf-traces. Ihe short 
stout stem of Gunnera is polystelic, consisting of a parench>matoi 
ground-tissue through which run numerous vascidar strands lh 
stem affords an interesting case of symbiosis from the fact th 

colonies of a species of Nostoc (N. Gnnnerae) P enetr ^ a ^ ^ 
come enclosed within the outer layers of the cortex, rhe Hm _ 

are inconspicuous, with small free sepals ; the P e a * " * .' 

are free and generally larger than the sepals, and have an imbrna 







Flo. 195. A. Floral diagram of Haloragint "j* 1( ] D J Fru ^ t> x (5 . K. Same 

jxJaloidea. C-F. Hxppuns outc . r ’ layer* t. hard inner layer of 

cut lengthwise; remams of „ pluR in ,>ericarp which 

iranous 


t lengthwise; s y remain* w. —-, in l)0 ricarn 

ricarp; f, testa surrounding the iK>rtion if mcnA 

..amnu miahpH nut. on mi i n at ion. shew ii in 


Cccomes pushed out on germination, 
testa attached. (A, B after hichler.) 

or valvate aestivation; the stamens are free, 'vdh short hlajnen^ 
and normal anthers dehiscing longitudinally. Ex 1 of 

the number of ovary-chambers corresponds with the numb 

the carpels; and there is a pendulous the 

integuments, in each cell. In Halarms and Mjr oph^um^ 

flowers are solitary or in dichasia in ie ci ' , c upper 

forming spikes, racemes or panicles by the rcductio 

leaves to bracts. Each flower is subtended by a j l 

in Gunnera they are ebracteate and crowded in h fe . 

that of r;. insignia from Costa Rica forming a liJwir el»n- 

with a base 3 ft. broad. In Haloragis (hg. 1&>. A) thc 

forms to the common Onagraceae type, S4, 1 4, A4 , 
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androeeium being obdiplostemonous and the flowers bisexual 
or unisexual, while in Myriophyllum they are formed on the same 
plan but are generally monoecious or polygamous, the upper being 
male and the lower female, with the intermediate frequently 
bisexual. Suppression of a whorl of stamens also occurs in Myrio¬ 
phyllum and in the tropical genus Serpicula , while Gunnera (fig. 
195, B) represents a further reduction, having a floral formula 
S2, P2, A2, G(2), the ovary being moreover unilocular with a 
solitary ovule. 

The inconspicuous flowers, with no nectar and with large often 
feathery stigmas, suggest wind-pollination. The fruit is a nut or 
drupe; the seed contains endosperm, often fleshy in character, 
surrounding the embryo, which, except in Gunnera, is straight 
and cylindrical. The embryo in Gunnera is minute, obcordate, 
and buried in endosperm close to the upper end of the seed. 

The family contains seven genera, and about 160 species, and 
finds its chief development in Australasia to which two small 
genera are limited; Haloragis, the largest and richest in forms 
(60 species), is Australasian and Antarctic, a very few species passing 
into South-eastern Asia and one ascending into South America 
as far as ( hile and Juan Fernandez. Myriophyllum (36 species) 
has a world-wide distribution; Gunnera (35 species) is almost 
confined to the southern hemisphere, especially South America. 
Of the two other genera, Proserpinaca is confined to North 
America, Serpicula is distributed through the tropics of both 
worlds. 

Family XIII. HIPPURIDACEAE 

This family comprises one genus, Hippuris, the affinity of 
which is very doubtful, represented by one species, H. vulgaris 
(Mare's-tail), widely distributed through Arctic and tem¬ 
perate regions and occurring also in Antarctic America. 
It has been included in Haloragaceae of which it was 
regarded as representing a very reduced floral type, but, if 
we except the aquatic habit, it has nothing in common with 
that family. In addition to the floral characters, a single 
stamen and carpel. Schindlerd) points out that the stem is a 
synipodium, in contrast with the monopodial development in 
the other family, and suggests an affinity with Santalaceae. 
Juel(2), who has recently worked out the development of the 
flower and fruit and the embryology, doubts whether the 
genus is rightly placed among the Archichlamydeae, but is 
unable to suggest any affinity with the Sympetalae. 
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The plant is an aquatic herb with a stout creeping sub¬ 
merged rhizome from which springs the stout erect man' 
jointed stem bearing rather closely set whorls of narrou 
entire sessile leaves. The minute solitary green flower*s are 
sessile in the leaf-axils, and are borne on the upper portio 
of the stem, which projects from the water. T hey are typicaHy 
bisexual but sometimes unisexual by failure of the stamen 
"’to develop. The perianth is reduced to a runiround 

the^top of the ovary; the single stamen ,s placed m^.an^y 
in front of the long slender papillose style (fag _195 1- ^ 

flowers are proterogynous and wind-pollin • 
celled ovary contains a pendulous ana,ropous ovule, vine 
has been described as naked, but which duel shews to have a 
gingle integument the micropyle in which becomes complete \ 

closed; above the micropyle, and lying «P°n ‘ h «'"^“ment 
is a development of the funicle which recalls the obturator 

of Euphorbiaceae and other families. The « jur ^ ° J 
pollen-tube is unusual (duel), passing through thefumcle 
and integument and penetrating the embryo-sac lateral y« 
The fruit has a thin outer coat and a thick -rd . n< r 
coat; the portion beneath the persistent basei of the st 
scarcely thickened, but the gap becomes fifled with a han, 
development of the funicle and -e^*" - ns r. stop,, ^ 
and is ultimately pushed out by the raaicie b 
(fig 195) The seed-coat is otherwise a thin membrane. • 
po!nts out that when the fruit is apparently rip. severa layers 
of endosperm still remain around the large ^“^t^mbryob 
absorption of the endosperm continues affr e U of 
fruit until a few layers only are left round" ‘ d ““ e 

embryo which are with difficulty distinguished from 

seed-coat. 

references 

<’> *■ NO. U < "» > >■ 
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Order 16 . OPUNTIALES 
Family. CACTACEAE 

Flowers bisexual, regular or becoming zygomorphic by 
curving of the perianth, stamens and pistil. Sepals and petals 
not clearly distinguished, generally indefinite and more or 
less united to form a tube, sometimes free. Stamens indefinite, 
united to the perianth-tube, rarely springing from the floral 
axis. Ovary inferior, one-celled with several parietal pla¬ 
centas bearing very many ovules on long funicles with two 
integuments; style simple, stigmas corresponding in number 
w ith the placentas. Fruit generally a fleshy one-celled berry 
with numerous seeds. Embryo straight or curved; endosperm 
present or absent. Succulent plants with fleshy columnar, 
conical or subglobose angular or cylindrical often ribbed and 
warted stems, which are simple or branched; more rarely 
with thinner cylindrical, sometimes rope-like, or broader 
leaf-like joints; very rarely leaf-bearing plants of normal 
appearance. Leaves usually reduced to scales, sometimes 
developed and flat or cylindrical in shape; generally falling 
soon; leaf-axils often with spines and more or less hairy. 
Flowers axillary or at the end of the tubercles; usually large 
and showy; solitary or few, rarely forming a panicle. 

The affinity of the family is very doubtful. It has been 
classed with Aizoaceae (Ficoideae); Bentham and Hooker 
{(ienem Plantarum) included the two families in one cohort 
J'icoi dales, which was placed after Passiflorales and before 
l m boll ales. Aizoaceae have however been regarded as more 
suitably placed among the Centrospermae and Wettstein also 
includes Cactaceae in that order. Engler, while retaining the 
order Opuntiales in the Dialypetalae near Myrtiflorae, admits 
aii affinity, following K. Schumann, with Aizoaceae. The 
atter are mainly inhabitants of warm dry countries with a 
succulent habit in which the leaves are remarkably developed; 
the floral structure is, except in the large genus Mesembry- 
anthemum , very different from that of Cactaceae. In Mesem- 
bryanthemum the ovary is inferior and the flower bears a 
strong superficial resemblance to that of a Cactus; but a 



CACTACEAE 


:iU7 


comparison of the two shews important differences, as in the 
relation between the perianth and androecium (see A.zo- 
aceae), the numerous styles of Mesembryanthemum, its many- 
celled generally capsular fruit, and the farinaceous endo¬ 
sperm in the seed. On the other hand, the general plan ot 
structure of the flower of Cactaceae suggests a comparison 

with the Myrtiflorae. 



Fio. 1911. Persia aculeate. A. Flowering Jfeuon »m'l S' ' 

The plants shew remarkable adaptation to 
ditions, which finds expression in a condensed I 

to storage of water and protection from evaporation. 

seeds germinate rapidly ; germination may e K' n 1 , 

as i„ Phyllocactus. The seedling either bears fleshy eotyledon. . 
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as in Opuntia, the stem becoming fleshy and leafless im¬ 
mediately above them, or the cotyledons are undeveloped, 
as in Mamillaria. 

Pereskia approaches a normal dicotyledonous growth, 
having a much-branched woody stem with broad, more or 
less fleshy leaves (fig. 196); in Opuntia the narrow fleshy 
leaves sometimes persist but generally fall early, and in the 
remaining genera the leaves are either very small or un¬ 
developed. Except in the leafy Pereskias the work of 
assimilation is carried on by the simple or branched flattened 
or columnar stem, the surface of which is increased by the 
development of tubercles. One of the most striking features 
is the development of spines which are borne upon the 
tubercle, generally at the top, and shew remarkable variety 
in size and form. The spine-bearing area at the tip of the 
tubercle or along the ridges or edges of the columnar or 
flattened stem is known as the areole (figs. 197, 198, 199). 

Various interpretations have been given as to the morphology 
of the tubercle and the spines; the general course of development 
suggests the following view. The lateral shoot originates soon 
after the leaf, not in the leaf-axil but upon the leaf-base; and leaf- 
base and axillary shoot form one structure, the tubercle. The 
tubercles may unite in vertical rows to form ribs, in the formation 
of which the stem may take part (figs. 198, 199). The variation in 
height and form of tubercle and rib determines the amount of 
assimilating surface. The spines correspond to leaves and are 
borne dorsiventrally at the growing point of the lateral shoot, 
which is sunken and protected by hairs and is either carried up 
entire by the growth of the tubercle and comes to stand finally 
at the tip ( Opuntia , Cereus, Echinopsis) or may split into two 
parts (species of Echinocactus, Mamillaria), one part going up on 
the tubercle and producing spines, the other remaining behind, 
in or near the leaf-axil, to produce a branch or flower. 

1 he presence of transitional structures between spines and 
leaves, found in Opuntia and Echinapsis, indicates the leaf- 
character of the former. Darbishire(2), however, working on 
Mamillaria elongata, regards the tubercle as representing only the 
leaf-base, and the spines as modified portions of the leaf-blade; 
and Rudolph (•'>) shews t hat the spines in Opuntia missouriensis arise 
in the leaf-axil and from the epidermis, so that in this case they 
are trichomcs. K. Schumann(6), parti}’ owing to the large numbers 
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which are produced on the shoot, was unable to compare the 
spines with leaves, and regarded them as emergences. 

In Ojmntia , in addition to the spines, slender barbed 
bristles (glochidia) are formed on the inner side of the apex 
of the axillary shoot, which are homologous with the spine* 



Flo. 197. Opunlia Tuna. A - Se 8 raer l t ° f ,in wool 
and young fruit, x j. B. Arcole shewing I of u gjochidiuni, 

and the glochidia, g. slightly enlarged, t.■ P enlarge,!. E. Fruit 

enlarge*!. D. Flower in 7ong.tud.nal «wct.on. dslightly rv 

in longitudinal section shewing the seeds ® .. shewing the curved 

duced F. Seed, x 3. G. Seed in long.tud.nal scit.on anew g 

embryo. - • 

(fig. 197, C). In the section CyUndropuntiae each spine ^ 

commonly covered with a thin sheath, forme > ' 

a layer of hairs. In some cases the spinesare weaker even hmr 
like (Pfloccreus), and in species of Mam,liana the 
develops hairs so that the spine becomes fo. hcrdike- In 
others, as in Leuchtenberyia, they are flat and pap >■ 
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species of Pereskia some are modified to form hooks for 
climbing. In species of Opuntia, MamiUaria, Cereus and 
others, GanongO) found among the spines glands which exude 
nectar; these were shewn to be metamorphosed spines. 



I he great variety in the size, form and arrangement of the 
spines suggests a variety in function. Apart from a pro¬ 
tective character and as a means for reducing transpiration. 
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it has been shown (Darbishire<2i) that in M. elongata the set 
of spines by which the tubercles are crowned acts as a screen 
protecting the underlying tissues from the strong sunlight; 
a similar function is performed by the set of hairs at the top 
of the leaf of Mesembryanthemum stellatum. 

The xerophilous character of the plants is also expressed 
in their anatomy. The thick epidermis has a strong cuticle 
with sunken stomata; beneath is a collenchymatous hypo- 
derma, and below this the chlorophyll-containing tissue. 
There is a great development of pith and cortex, consisting 
of large round pitted water-storing cells, often containing 
mucilage. The fibro-vascular system conforms closely to the 
external form of the stem; the xylem consists of ringed and 
spiral tracheids, and there are no annual rings. All the 
tissues retain for a long time a capacity for growth, a act 
which explains the ease with which the plants can be repro¬ 
duced vegetatively or shoots be grafted on stems of another 


apecies. - f 

The flowers are produced rapidly during or at the close ot 

the rainy season, and shew no special adaptations to a dry 
climate/ Branched inflorescences occur in Pereskia where a 
terminal panicle is produced, and also frequently lateral 
panicles from the axils of the upper leaves. In the great 
majority of Cactaceae the flowers are solitary and spring 
from the middle of the upper part of an areole or behind it. 
In species of Rhipsalis several flowers develop successively 
from an areole. The ovary is inferior and more or less deeply 
sunken in the flower-bearing stem (fig. 1U7, D). It contains 
a large chamber lined by thickened placentas, which corre- 
spond in number with the stigmas. The surface o ten tars 
leaf-scales, which may be present in such quantity as to 
form a closely imbricating covering (e.g. m hchinocactus 
concinnus ); as in the case of the leaves on the vegetative stem 
they often bear in their axils hairs, bristles, or even spines 
(figs. 196, 197, 198). The homology of the exterior covering 
of the ovary with the stem is especially plain in cases where, 
as in Pereskia Bleo and often in Opuntia, new flowers or 
leaf-shoots spring from the leaf-axil. D. S. Johnson,.) has 
studied O. fulgida with special reference to the perennation 


K. II. 
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and proliferation of the fruits. Fruits of some Opuntias are 
known to remain attached to the plant and to grow actively 
for several years; in O. fvlgida this condition is carried still 
farther, for not only does the fruit remain on the tree without 
shedding its seed, but both the ripe fruit and the unripe 
ovary may give rise to flowers and another crop of fruits. 
Four or five generations of fruits may thus be formed on a 
plant during one season. When a ripe fruit falls to the 
ground, it may put out adventitious roots and shoots, and 
so produce a new plant. The fleshy joints of the stem readily 
break off, sprout and form new plants, strongly resembling 
those produced from the end of the stem enclosing the sunken 
ovary. The numerous ovules are generally attached to a 
long funicle; several or many of the funicles become united 
below forming a much-branched bundle, which springs from 
the placenta. The ovules are anatropous and usually curved 
towards the funicle, which becomes broader near the micro- 
pyle and envelops it in a fold. The sides of the funicle often 
bear upwardly directed papillae, which probably serve as 
conductors of the pollen-tube. In Opuntia and the closely 
allied Nopalea the ovules are enclosed in a development of 
the micropvlar fold of the funicle. 

The floral envelope does not shew a distinction into calyx 
and corolla. It is radial in erect flowers, but tends to zygo- 
morphy in oblique or horizontal flowers. In the latter the 
generally very elongated perianth-tube and the stamens 
become curved. An extreme case is found in Epiphyllum, 
where the flower is two-lipped. The number of the floral 
leaves is generally very large, and they usually unite below 
to form a long tube (fig. 198). In Rhipsalulexte (fig. 200) and 
Opuuticae (fig. 197) the tube is very short and the floral 
leaves may be almost or quite free. 

The lower floral leaves often resemble sepals, being green 
and having a thicker consistence than the upper more 
delicate and white or coloured leaves. In Echinopsis and 
many species of Echinocactus the perianth-tube is covered 
with overlapping scales, which may bear bundles of hairs and 
long spines in their axils as in the case of the ovary: the 
scales become larger above and pass into the petaloid leaves. 
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The larger sepaloid and petaloid leaves do not bear hairs or 
spines in the axils (see also. fig. 108). The stamens are always 
more than ten, generally the number is very large. They 
usually spring from the perianth-tube, arranged either in a 



__ , • a Ix/urini: flowcraand fruit, x £. B. Aaingle 

F, “- •«& .. 

nightly enlarged. 

regular spiral or in groups; often a ring of shorter stamens 
surrounds the throat of the tube. In K,n V hyllu,n truncaU n 
an inner series of about twenty stamens springs from the 
receptacle and these are united to form a tube, from the throat 
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of which a membrane projects on the inside, forming a pro¬ 
tection for the nectar. The anthers are attached at the base 
or on the back. When two groups of stamens are present 
the anthers of the lower are usually somewhat larger than 
those of the upper. The two-chambered anther opens longi¬ 
tudinally, either towards the inside or on the side. The 
pollen-grains are very small, yellow, spherical, with three 
small germ-pores, and usually smooth. The long slender style 
ends in two to many, usually thick, soft papillose stigmas. 

We have little knowledge of the biology of the flower. The 
large, bright-coloured, often sweet-scented flowers suggest 
adaptation to the visits of insects. They are proterandrous; 
when the anthers open the stigmas are appressed, but separate 
later and become erect or spreading and overtop the stamens. 
Many hybrids have been formed by artificial pollination; as. 
for instance, in the genus Phyllocactus . 

Ihe fruit is usually a fleshy berry, except in Echinocactus, 
where it is often dry. The soft flesh is derived from the outer 
wall only, as in Pereskia , Opunt in (fig. 197, E) and Rhipsalis , 
or the funieles swell and form a considerable part of the soft 
flesh as i nCereus (fig. 198, C) and Mamillaria. 

I he fruits are often sweet and pleasant to the taste; a fact 
which doubtless conduces to their distribution by animals 
Fhose of the epiphyte Rhipsalis Cassytha (fig. 200) resemble 
Mistletoe berries in appearance, and contain a mucilage 
winch facilitates the distribution of the seeds and their 
attachment to branches of trees. 

The interior of the ripe fruit contains a homogeneous mass 
enclosing the usually numerous seeds (figs. 197, E, 198, C) 
These vary in form, being either fiat or roundish, quite smooth 
01 pitted or uarted. The coat is usually black and shining; in 

° 1,unt,a 1! ’ 7 - F ) «"<1 -Vopotet pale or brownish with a 
more or less evident flattened margin. The embryo may be 

curved or sp,rally rolled anti often associated with a greater 

or less amount of fleshy endosperm, especially in those species 

winch have true leaves or flat stem-joints; in species with 

cylindrical or spherical stems tt is generally straight, and often 

shews little or no differentiation anti there is searcelv any 
endosperm. J J 
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The chief centre of distribution is in the dry districts of 
the warmer parts of America, especially of Mexico, including 
the temperate and colder part, as well as the neighbouring 



F««. 200. KA,W,>A 

SSSS. ^ 


portion of the United States. The dry campos of the interior 
of Brazil are also the home of many species, and the Andim 
district contains some characteristic forms. In North America 
Opunlia penetrates as far north as 59“ lat., and ... South 
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America the family is represented as far south as Patagonia. 
They also reach a considerable elevation on the mountains, 
3000 to 4000 metres on the Andes and the mountains of 


Mexico. On the mountains of Colorado species of Opuntia 
and Echinocactus are exposed during the whole year to frost. 
In cultivation in Europe many species last through the winter 
out-of-doors. Several genera occur in the West Indies. The 
epiphytic genera Rhipsalis, Epiphyllum and Phyllocactus 
occur in the tropical American forests, especially in Brazil. 
The family is represented in the Old World by a few species 
of Rhipsalis in tropical Africa, Madagascar and the Mascarene 
Islands, including R. Cassytha . which is widely distributed in 
tropical America. Species of Opuntia have long been natural¬ 
ised in Southern Europe and the warmer parts of the Old 
M orld, and have spread so widely as often to give the appear¬ 
ance of true natives; in Australia and South Africa they have 
become a pest owing to their rapid vegetative propagation. 
Species of Cereus are grown in Mexico, and elsewhere in the 
wanner parts of America, for their sweet fleshy fruits, as 
is the prickly pear (Opuntia Ficus-indica) in the south of 
Europe. I lie latter is also often grown as a hedge. In the 
dry parts of Mexico, the southern United States and Brazil 


the large Echinocactuses and the Opuntias are used as 
water-containing fodder for cattle. The cultivation of the 
cochineal insect on Xopalea eoccinellifera, Opuntia Tuna and 
other species was formerly of very considerable commercial 


importance. 


Owing to lack of knowledge of the flower and fruit of manv of 

,ho ! ;' ,oc,es a , n(1 difficulty of preserving the plants for com- 
para"\e study m the herbarium, the systematic arrangement of 
he genera has presented much difficulty. It has been necessary 
to make more use of vegetative characters than is usually done 
m defining the various groups. A further difficulty is presented 
by the numerous transitional forms between the different types 
o N egetatn e structure. In recent years Britton and Rosed) have 

U <l 1 * <U *!!“!;' fami, y. based as far as possible on 

hMng material Uhde maintaining the same three main groups 

as those adopted by K. Schumann in the Pflanzenfamilien (6), thev 

take a much narrower view as to the limitations of the genera, of 

winch they reeogn.se about loo as compared with 23 recognised 
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by Schumann. The genera fall into three subfamilies of very 

I PERESK.O.DEAE, Plants with broad Hat leaves and Houem 
stalked and generally panieled. One genus Peresha. 1 J .pecies 
from Mexico and the West Indies southwards to Paraguay and 

II Ar 0emmoiDEAE. Succulent plants usually much hranchetl 

... i __ fi. lt lpaf-like stem-joints: leaves small and 

SfS^CSsS 

America and the West Indies. , . 

leaves usually wanting on th - - , nvarv or nerianth- 

scale-like, but usually present as scales on th F i OW ers 

tube. Spines usually present excep in t^ ePV»J>'^ ua J lv v , ry 

sessile, generally with a perianth- uh • genera and more 

small. This subfamily contains most o Uu g n 

than three-fourths of the species of the fa \ H „ wer (h an 

much greater variety of st f , . l ' ;tu ^" 1 Arc grouped in eight 

the two preceding subfamilies, t ^ EpiphyUvm, 

tribes. Principal genera: LUu n - 

Echinopsis , Echinocereux, Echinocacius , 

bergia, Mamillaria, Rhipsalis. . f f 

pLkia is undoubtedly nearest to .Cg£l frmo 

the family, and Oputi/m and the alh g has depicted 

it though still closely connected wtth^Oan r „. 

in tree-form the derivation of _ nearest to the primitive 

garding the columnar species of ‘ , ... 0 f the genera is 

form of the family. His view ^ ^|5ecdlingH 

based partly on a comparative study of he e,n,,r> tht . 

of the family, front which ^^"S^'^inu.ion of 
whole a progressive condensation spherical form 

surface effected by the increasing which is 

of the hypocotyl and diminution . vlu , l8 (luc to increasing 

accompanied by a con J ic . ns "; t 10 ". T] is however this important 

adaptation to a desert habitat. • t hat in the pro- 

difference to be noted between the two seres. tha n I ^ 
gressive condensation the embryos lag behind the adults, 
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IS plainest in the diminution of the cotyledons. Thus in Ojmntia 
the leaves are very evident in both adults and embryos, but even 
here the cotyledons have diminished from those oi Pereskia less 
than have the leaves of Opuntia diminished from those of Pereskia : 
m Cereus this is yet more evident, for here the cotyledons are still 
large and broad, while the leaves of the adults are reduced to 
small scales and often are but tiny rudiments. In Eckinocadv# 
the cotyledons are still somewhat prominent, but the leaves of 
the adults are represented only as microscopic rudiments soon 
merging into the stem in later growth, while in Mamillaria the 
leaves are as in Echinocactus , and the cotyledons themselves are 
nearing the vanishing-point ” (Ganong). 
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— (/d" Present problems of Cactaccae.” Bo/an. Gazette, x.\\ 129, 213 

( I 

^ - •■s.T.ssr an " s<,edii,i * s 

(4) °' 1^° " Carnegie Institute of 

0V “ B ; i ', r r- Kon, ; ,niss 4 S'«MbMung bei actaccen.” 

its!err. Baton. Zeitsrk. liii, 105 (1903). 

M>) Schumann, K. ’‘Oactaceae” in PflanzenfamUien, nr. 6a (1894). 

Ihihendej^knvn (/roMoyrrt^Ain Cactacearum), by K. Schumann and Max 

l ^ V ^ by *’ ' AU|,EL ). 1900-5. is a series of coloured 

plates, with descriptions, of specie* in cultivation. 


Order 17. UMBELUFLORAE 

lowers typically bisexual, regular, cyclic (polvpetalous) 

ami eptgynous. generally 4- or 5-merous with one series of 

stamens (cp.sepalous), and carpels often reduced to two. 

( alyx more or less reduced. Ovule solitary in each chamber 

o the ovary, pendulous, anatropous, with one integument 

and an outwardly directed micropyle. Endosperm copious: 
embryo small. ^ 

Plants woody or herbaceous with alternate (opposite in 
oi naeeae), often large leaves with a sheathing base and no 
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stipules. Flowers generally umbellate. Oil- or resin-passages 
are often present. 

The order is characterised by a simplification in the floral 
structure—great reduction in the calyx, a character frequently 
associated with epigyny, a single staminal whorl, reduction 
of the carpels to two, and a single ovule in each cell of the 
ovary ; and a tendency to the aggregation of the flowers in a 
head, a biological factor of great importance in facilitating 
the visits of insects which finds its most complete expression 
in Compositae. Araliaceae and Umbelliferae are closely 
allied; Cornaceae stands somewhat apart, the secretory 
passages characteristic of the other two families are rarely 
present, the leaves are generally opposite, the number of 
carpels is less constant and the position of the micropyle 
varies; this family shews striking resemblances with the 
tribe Sambuceae of the sympetalous family Caprifoliaceae 
which is distinguished only by the union of the petals. 

The first two families shew marked affinities with Cela- 
strales and Rhamnales in the small size and general structure 
of the flower, as evidenced by the single staminal whorl, the 
conspicuous disc and the solitary ovule in the ovary-cell; the 
position of the ovule is however different, while in Rhamnales 
the stamens are opposite the petals. The order may be 
regarded as allied to these but representing a further develop¬ 
ment in the direction of epigyny accompanied by aggregation 
of the inconspicuous flowers. 


Family I. ARALIACEAE 

Generally trees or shrubs, the former often with a tall simple 
stem and a crown of large leaves giving a palm-like habit, as in 
Telrapanax papyrifer, a native of Formosa, from the pith of which 
Chinese “rice-paper” is prepared. The shrubby species are some¬ 
times climbers without special climbing organs but attaching 
themselves to stronger plants by short branches, or. as in the Ivy. 
( Hedera) by special climbing roots. A few are herbaceous. 1 he 
leaves are often crowded at the ends of the branches, usua \ 
alternate, rarely opposite, generally with a brood sheathing base , 
they are often very large and palmately compound, or simple am 
entire or more or less palmately or pinnatcly divided. Different 
forms of leaf may occur on the same plant, as in Ivy, which 
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a lobed shade form, while leaves fully exposed to the light or 
borne on the inflorescence are entire; in other species the form of 
the leaf varies with the age of the branch. Stipular structures are 
often present in the form of a membranous border or a ligular 
structure above the sheath or as narrow lateral appendages of the 
leaf-base. Schizogenous passages containing resin or gum occur 
in root, stem and leaf. Stellate hairs are also of frequent occurrence. 

The flowers are generally small, whitish, yellow or greenish, 
often in much branched showy inflorescences composed of umbels, 
heads, racemes or spikes. They are bisexual, often with a tendency 
to unisexuality, regular, and generally pentamerous. The calyx is 
generally inconspicuous and represented by a narrow seam which 
is quite simple or bears more or less conspicuous teeth; in Meryla 
it is absent. The petals are generally attached by a broad base; 
the usually pointed tip is sometimes incurved in the bud; 
they fall when the flower opens, either separately or several 



Fi(i. 201. Haleru Helix. A. Flower in vertical section, enlarged. B. Floral 
diagram. ( . Fruit. D. Seed in vertical section, enlarged. (A, D after 
otrasburger; B. (‘ after lx* Maout and Decaisno.) 


together or in tin.* form of a cap. The stamens are equal in number 
to the petals, rarely more. The ovary is generally completely 
inferior, bears a flat or swollen nectar-secreting disc, and contains 
as many chambers as there are petals, sometimes fewer or only 
one, rarely more; the styles are free or united into a column, or 
absent, the stigmas then being sessile; there is a single pendulous, 
anatropous ovule in each chamber, and the micropyle is directed 
outwards. 1 he fruit is generally a flve-chambered berry or drupe; 
it sometimes separates into mericarps when ripe. The small embryo 
lies at the upper end of the seed; the endosperm is sometimes 
ruminate. The flowers of Ivy are visited by small flies, bees and 
moths which are attracted by the nectar freely exposed on the disc. 

The family contains 63 genera with about 700 species and is 
mainly tropical with two great centres—the Indo-Malayan region 
and tropical America—each of which is characterised by distinct 
genera. It is represented in Europe by Hedera Helix (Ivy)'(fig. 201) 
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Tobler 1 , in a recent monograph, recognises six species of Hedera : 
H. Helix in Europe, and Asia Minor to Persia; H. poelarum in 
Greece; H. canariensis in North Africa and the West African 
Islands; H. colchica from the Black Sea to Persia; H. himalaica, 
Himalayas, with a variety in Southern China; and H. japomea 
in Japan and Korea. Many forms of Ivy are known in cultivation. 
The “ Aralia,” commonly grown as a room-plant , is Falsia japonica, 
a monotypic Japanese genus. The Chinese 'Ginseng is the root 
of Panax Ginseng, a north-east Asiatic species. 


Family II. UMBELLIFERAE 

Flowers usually bisexual and regular, according to the plan 
S5, C5, A5, G(2). Sepals, petals and stamens free. Ovary 
bilocular, surmounted by an epigynous disc; styles two; 
ovules with a single integument, solitary and pendulous in 
each cell. Fruit of two indehiscent dry mericarps; seed with 

copious endosperm and minute embryo. 

Herbs with usually hollow internodes; leaves alternate, 
compound, rarely simple, exstipulate; petiole with a broad 
sheathing base. Flowers small, in simple or compound 

umbels. 

Genera about 270; species about 2700. Cosmopolitan but 


chiefly north temperate. 

The family consists almost entirely of herbs, which may be 
small with a creeping filiform stem as in Hydrocotyle vulgar,s 
(Penny-wort), but which have generally an erect stout hollow 
stem, often several feet high (as in species of Herodeum ), or 
sometimes (as in species of Angelica) form gigantic plants 
which are the principal feature of the landscape. The leaves 
also shew great variety of form. They are generally pinnately 
compound, and branching of the lamina may be continued 
to the fifth or sixth order ; but palmate division also occurs, 
and, though rarely, simple leaves. Leaf-characters are used 
to delimit the primary divisions of an artificial key to the 
genera. Thus the British species, representing 35 genera, fall 
into four very unequal groups, as follows: 

1. Simple leaves: including only Hydrocotyle (hg. - -1 
with long-stalked peltate leaves, and Bupleurum, with 

entire sometimes perfoliate leaves. 

1 Tobler, F. Die Oattung Hedera. Jena, 1912. 
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2. Leaves palmate or simply ternately divided: Sanicula 
and Astrantia, leaves palmately lobed or partite; Eryn- 
gium (fig. 205), leaves spiny-toothed; Pencedanum (section 
Imperatoria), leaves trifoliolate. 

3. Leaves simply pinnate, rarely compound at the base: 
eight genera. 

4. Leaves bi- to tri-pinnate or bi- to tri-ternate: the 
remaining genera. 



Fic. 202. Hi/iirocuti/le asiaiica. A. Portion of plant bearing flower and fruit. 
B. Young inflorescence, the central flower-bud only is seen emerging from 
the involucre of two bracts, x 24. 0. Older inflorescence, x2J. D. Flower, 
x 4. K. Fruit, x 4. F. Fruit cut across, x 7. 

Certain South American species of Eryngium and the 
Australasian Aciphylla are remarkable for their monocoty¬ 
ledon-like leaves, which with a narrow parallel-veined blade 
and broad sheathing base recall those of Agave and Bromelia. 
Hydrocotyle and allied genera have membranous stipules at 
the leal-base. A genus. Pseudocarum , which climbs weakly 
!>y its petioles, occurs on Mt Ruwenzori in tropical Africa. 

There is also a wide range in the duration of life. The plant 
may be monoearpie, either passing through its life-history in 
one season, as Aethusa Cynapium (Fool's Parsley), or ac¬ 
cumulating strength for two or more seasons before flowering; 
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such are the biennials, as Daitcus Carota (Carrot), while 
Ferula has a vegetation-period of several years. Polycarpic 
species persist by means of subterranean tubers or rhizomes 
or a thickened stem-base; as in species of Heradeum, Peuce- 
danum and Angelica. The south temperate genus Azorella 
(fig. 203) has a caespitose habit, forming dense cushions 
which may be several feet in diameter and persist for many 
years. Shrubby species are rare, but occur in Bupleurum (in 
the Spanish B. spinosum the branches are short and spine- 
like), and several members of the Australian genus Trachymene. 

Both the main axis and the lateral branches end in an 
inflorescence; the former is generally the more strongly 



Fio. 203. Azorella glabra. A. Portion of plant, slightly reduced. B. Involucre, «, 
surrounding a single flower. C. Same in fruit. B and C enlarged. (After 
Weddell.) 


developed, giving the characteristic habit of many of our 
common UmbeUifers. In Uydrocotyle, and other genera with 
a creeping stem, inflorescences are borne only on lateral 

shoots. 

An anatomical feature is the presence in all the organs 
of ethereal oil-, balsam- or resin-canals. Differences in the 
arrangement and structure of the vascular bundles and the 
bands of collcnchyma afford characters which are more or 
less constant in individual tribes or smaller groups. 

The umbellate inflorescence is a very constant character¬ 
istic. The arrangement and relative growth of the main axis 
and its branches afford characters which are often of generic 
or specific importance. The compound umbel is the com¬ 
monest form, but simple umbels also occur (most species of 
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Hydrocotyle (fig. 202) and Astrantia (fig. 204)); very rarely is the 
umbel reduced to a single flower as in species of Hydrocotyle , 
and Azorella (fig. 203). In Eryngium (fig. 205) the flowers 
are crowded into dense heads surrounded by a whorl of rigid 
bracts; each flower is subtended by a bract. A terminal 
flower may be present, as in Carrot, where it differs from 
the rest in its form and purplish colour. The presence or 



Fir.. 204. Astrantia major. A. Inflorescence, slightly enlarged. B. Male flower, 
x 7. (\ Same viewed from above; note the long sepals, the j>etals turned 
in towards the centre of the flower, and the stamens emerging in succession. 
I). Bisexual flower, after pollination, x 5. E. Same in vertical section. 

absence of bracts, and their character, also afford useful 
distinctions. When present they form a whorl—the in¬ 
volucre—at the base of the rays of the compound umbel, or 
at the base of the partial umbel—the involueel. They are 
fewer in number than the rays or flower-pedicels, and 
represent the bracts subtending the outer pedicels. Either 
the involucre or the involueel or both may be absent. The 
simple umbel of Astrantia (fig. 204. A) is enveloped by a 
large, often coloured involucre. 
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The floral development is remarkable for the faet that the 
stamens appear first, followed generally by the petals, and 
then the sepals. Often, however, the calyx is only slightly 
indicated. The rudiments of the two carpels appear last ; at 
first separate, they become united at their edges, while the 
roof forms the characteristic glandular disc or stylopodium , 



Fio 205 Eryngium fottidum. A. End of flowering shoot. B. 

reduced.' C. Single head, x 2 J. i>. Flower in vertical see.,on. * H>. b. 1- ru.t. 10. 

. T ^ \ 11 4 on. 


reduced. v^. oingw ~ - 2- —• - 

from which the style, grow out (fig. 200, F) The sol. ary 
ovule is pendulous and anatropous, the raphe being ventral, 
and has only one integument. During its development the 
ovary increases considerably, becomes interior by intercalary 
growth of the receptacle and forms the most conspicuous 
organ of the whole flower; one of the carpels points towards 
the centre of the umbel, the other radially outwards, lie 
calyx is much smaller than the corolla, and is often only 
indicated by inconspicuous teeth on the upper edge of the 
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ovary; in Sanicideae (Eryngium, Astrantia, Sanicula), where 
they are best developed, the sepals are slightly imbricated 
with i aestivation. Similarly in the corolla, the aestivation 
is open, valvate, or rarely imbricate with a § arrangement, 
according to the breadth of the petals. The form of the apex 
of the petal, which is often pointed, the length of the point 
and its degree of inflexion in the bud afford characters for 
distinction of genera. The long slender filaments of the 
stamens are bent inwards in the bud; but are ultimately 
spreading. The anthers are basi- or dorsi-fixed, and the pollen 
is ellipsoidal with smooth poles and three equatorial stoppers, 
indicating points of egress for the pollen-tube. 

The flowers are rendered conspicuous by the aggregation 
of large numbers into more or less dense inflorescences, the 
circumferential flowers of which are often sterile (male) and 
z yg olllor phic, the outer petals being much larger than the 
inner of the same flower and of the other flowers of the head. 
I his arrangement recalls the development of ray-florets in 
Compositae. The flow ers are generally white, sometimes pink 
or yellow (Parsnip, Fennel), very rarely blue; they are rarely 
scented; on the other hand, the whole plant has an ethereal 
odour which probably serves to attract insects. Nectar is 
secreted on the disc in the centre of the widely-open flow’er 
and is thus easily accessible to the smallest flies. Cross- 
pollination is necessitated by the very general well-marked 
proterandrv; the stamens may have all dehisced and shed 
their pollen before the flowers of the same umbel have spread 
their styles and developed the stigmas. Drude (in the 
Pjlanzenfamihen) distinguishes the following types: 

1. Howers almost homot/amous, the maturing of the stigmas 
following quickly on that of the stamens, as in Hydrocotyle xml- 
(/aris. Self-pollination is rendered possible by the rapid spreading 
of the styles (which are bent inwards in the bud) and the 
development of stigmatic papillae before the fall of the stamens. 
1. Strongly marked proterandrous-dichogamy , the most common 

type, alluded to above. The flowers of the last-developed lateral 
umbels are often male. 


d. Andromonoccism. Both bisexual and male flowers are present. 
Examples are Tori! is .1 nthriscus, Astrantia and Scandix Pecten- 
Venerur, the male are often distinguished by their longer stalks. 
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4 Monoecism occurs in the genus Echinophora (South Europe to 
West Asia) and allies, where a central female flower is surrounded 

by male umbels. 

5. Dioecism, in Arctopus (South Africa) and species of Aciphylla 
(Antarctic). 

(i Stamens more or less aborted in the flowers of the main umbels, 
flowers of the lateral umbels male; as in Ferula , where the mam 
umbel of the stem and its primary branches bear numerous 
flowers in which the stamens are rudimentary as the flower 
opens, the anthers are often apparently fertile but contain few 
or no functional pollen-grains. The male lateral umbels develop 

later. 

The fruit is crowned by the rim of the calyx and the 
remains of the style, and divides into two dry one-seeded 
mericarps in the plane of union of the two carpels. Before 
falling, the two mericarps often hang for a time on a thin 
simple or forked stalk, the carpophore. The form and structure 
of the mericarps shew great variety and supply characters 
for the distinction of genera and larger groups. A transverse 
section of the fruit shews five vascular bundles in each 
mericarp, corresponding with which are five longitudinal 
ridges on the surface—the primary ridges; between these five 
secondary ridges may occur. Between the primary ridges, or 
inside the secondary ridges when these are present, run oil- 
ducts (vittae—produced schizogenously). The line separating 
the mericarps is known as the commissure. 

The endocarp is sometimes woody, forming a nut-like 
fruit as in Hydrocotyle (fig. 202, F); or more often of soft 
tissue. The pendulous seed has a membranous coat and 
usually adheres to the endocarp. The dense endosperm con¬ 
tains oil (not starch) and occurs in three different forms 
which supply useful systematic characters. In the greater 
number of the genera (Orthosper mat) it is flat on the ventral 
side, as in Petroselinum (Parsley) (fig. 206, D); in others 
(Campylospermae) it has a longitudinal groove on the ventral 
side, the transverse section being more or less a crescent, as in 
Coniutn (fig. 206, B), Chaerophyllum (Chervil) or Anthnscus 
while in others (Coelospermae) it is concave on the ventral 

side, as in Coriandrum. . 

Distribution of the mericarps is assisted by the wing-like 


H . II. 


2/ 
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development of two or more of the ridges, as in Heradeum 
and Angelica (fig. 206, E); or by the development of spines 
or bristles, as on the secondary ridges of Daucus (Carrot) 
(fig. 206, G, H) or Caucalis, which render the mericarp liable 
to be dragged off and carried by birds or mammals. Occa¬ 
sionally the mericarps separate elastically from one another 
and from the top of the carpophore. 



Fl«.\ 20(>. A. Fruit of Conium mar.ulatum . B. Same in cross-section. C. Fruit 
of Petroselinum sativum. I). Same in cross-section. E. Fruit of Angelica 
officinalis in cross-section. F. Flower, (J. Fruit of Daucus Carota in vertical 
section. H. Fruit of same in cross-section. I. Single mericarp of Pimpinetta 
Anisum. enlarged, e, endosperm; o, oil-passage; the black dots, 6, indicate 
vascular bundles. (A-E after Ber>»; F-H after Baillon: I after Drude.) 

In germination the cotyledons are rapidly carried above 
ground and become green. Species of Conopodium and 
Bunium have only one cotyledon. 

The family occurs mainly in the northern hemisphere, 
from the subarctic to subtropical regions; in the tropics it 
occurs on the mountains, and reappears, but in smaller 
numbers than in the northern, in the southern hemisphere. 

Characters for a natural division of the familv are obtained 

% r 

from the fruit. 

Three subfamilies arc distinguished: 

I. H ydkocotyloidkae. Fruit with a woody endoearp with no 

free carpophore. Yittae absent or sunk in the main ribs only. 

Mainly southern hemisphere. Hydrocotyle, with 78 species, 
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almost cosmopolitan but mainly southern. H. vulgaris (British) 
occurs in Europe, West Asia and North Africa. Azorella, with 
100 species mostly Andine, has a characteristic cushion-like 

habit. 

II Saniculoideae. Mericarps with soft parenchymatous endo- 
carp exocarp rarely smooth. Style surrounded by a nng-like 
disc (stylopodium). Vittae various. Eryngium, 200 species m 
temperate and subtropical regions; E. marilimum (Sea-holly); 
Astrantia ; Sanicula ; S. europaea (Sanicle) is widely distributed 
in woods in Europe, North Africa and Western Asia. 

III Apioideae. Mericarps with soft parenchymatous endocarp, 
sometimes with subepidermal layers of wood-fibres. Style on 
the apex of the stylopodium. Vittae various. Contains the 
areat bulk of the genera and is subdivided into tribes by 
character derived mainly from the form of the mencarp the 
form and arrangement of the ribs and vittae, and the structure 

of the walls. 

The following are the more important tribes of this subfamily 


Scandiceae. Myrrhis (Europe to Central Asia Chile), M. odorata 
(Cicely); Scandix ; Chaerophyllum (Chervil); Anthnscus, mamly 
Euro Tie to West or Central Asia. 

Coriandreae . Conundrum, C. sativum (Coriander), Mediterranean 

Sm^rnteae. Conium, C. maculatum (Hemlock), north temperate 

Ammineae^Bupleurum , north temperate and subtropical (four 
British), one species South African, has simple entire leaves 
Apium , world-wide, A.graveolens (Celery); Petroselinum, Central 
Europe and Mediterranean, P. sativum (Parsley); Larum north 
temperate, C. Carui (Caraway); Cicuta, north temperate, C . t;. rasa 
(Water-hemlock); Pimpinella , almost world wide, but mam y 
Mediterranean and Western Asiatic; Foemculum, mamly Medi¬ 
terranean, F. vulgare (Fennel); Aeihusa Cynapmm (bools 
Parsley), Europe, North Asia. 

Peucedaneae. Angelica (mainly north temperate and subarctic , 
Ferula (Mediterranean and Central Asia) affords various gum- 
resins, asa-foetida and galbanum; Peucedanum, north term 
perate, extending to Central America and tropical and bouth 
Africa; Paslinaca, Europe to Central and North Asia, P. satua 
(Parsnip); Heradeum, north temperate, mountains of tropics. 

//. Sphondylium (Hog-weed). 

Dauceue. Daucus, widely distributed, largely Mediterranean, 
D. Carota (Carrot). 
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Family III. CORNACEAE 

Chiefly shrubs, sometimes arborescent, climbing in some 
South American species of Griselinia ; Comus snecica and 
C. canadensis are perennial herbs with a creeping under¬ 
ground rhizome. The leaves are opposite, more rarely alternate, 
simple, stalked and exstipulate. The small regular cyclic 
flowers are bisexual, or sometimes unisexual by reduction, 
and are arranged in cymose inflorescences of very various 
forms. Study of the development of the inflorescence shews 
that a terminal flower is always originally present on the 
main and lateral axes, but often does not develop, so that the 
mature inflorescence has the form of a panicle, umbel or 
head; sometimes it is corymbose, as in Dogwood ( Cornus 
sanguinea). The head may be surrounded by a large leafy or 


> 


Fui. 207. Cornus mas. A. Flower in vertical section, x 4. B. Floral diagram. 

('. Fruit in vertical section, slightly enlarged. (A, C after Harms.) 

petaloid involucre (as in C. suecica and canadensis). In 
Helwingia the few-flowered inflorescence springs from the 
middle of the leaf-blade; this, as Payer shewed, is due to 
the development of the leaf-base which carries up with it the 
axillary bud. We may regard as the typical floral arrange¬ 
ment that represented by the formula S4, P4, A4, G(3), which 
occurs in Cornus and other genera. The number of petals 
varies from three to five and the stamens equal them in 
number. The carpels vary from one to five; the female flower 
of Ancuba has one carpel only. 

1 he calyx is generally but slightly developed, consisting of 
small teeth or lobes, or is reduced to a seam; in Helwingia it 
is quite undeveloped. The petals have, with few exceptions, a 
valvate aestivation. The dehiscence of the anthers is lateral 
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or, more rarely, introrse. The top of the inferior ovary bears 
a disc; the simple style ends in a generally lobed stigma; the 
number of ovary-chambers corresponds with that of the 
carpels, and each contains one pendulous ovule with a dorsal 
or (in Curtisia and Mastixia) ventral raphe. 

Pollination has been studied mainly in Cornus, most of the 
species of which are homogamous, the stamens and stigmas 
maturing simultaneously; the nectar lies free on the disc and in 
many species the smell of the flowers is attractive. The most 
frequent visitors are Hymenoptera, then flies and beetles. Cross¬ 
pollination is favoured by the position and difference in length of 
the style and the stamens which are touched by different parts of 
the insect’s body: small creeping insects cause both self- and 
cross-pollination. The wide spreading of the stamens favours 
crossing between neighbouring flowers of an inflorescence. The 
flowers of C. suecica and canadensis are proterandrous; the capitate 
inflorescence is rendered conspicuous by the involucre. Insect- 
pollination is probably general in the family but Gnsehnia lit- 
loralis is said to be wind-pollinated. 

The fruit is generally a drupe, but a berry in Aucuba and 
Griselinia ; there are generally one to two, rarely to four seeds. 
In three closely allied species of Cornus (forming the section 
Benthamia) the ovaries are united and the fruits form a 

fleshy syncarp. 

There are 10 genera and about 115 species, the great majority 
of which are northern extratropical. The largest genus Cornus has 
about 50 species, chiefly in north temperate regions. Cornus 
sanguinea (Dogwood), and C. suecica , a small perennial herb 
growing on alpine moors, are British. The umbel of minute purplish 
flowers of C. suecica is subtended by an involucre of four con¬ 
spicuous white bracts. C. mas produces its heads of small yellow 
flowers in early spring before the appearance of the leaves; the 
drupes which are almut the size of an olive, are sometimes made 
into a preserve. Aucuba has three closely allied species in the 
Himalayas and Eastern Asia; A. japonica , a common garden 
shrub is dioecious. Kaliphora has one, and Melanophylla three 
species in Madagascar. Corokea has three species in New Zealand ; 
they are much-branched shrubs with branches often twisted and 
interlaced. Griselinia has six species in New Zealand, Chile and 
Brazil; they are trees or shrubs, often climbing, with thick leathery 
alternate leaves and minute flowers. Helwingia and Torricelha, 
each with three species, occur in the Himalayas, China and Japan. 
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The two genera Curtisia (one species in South Africa) and Mastixia 
(16 species of trees in the tropical forests of Further India and 
Malaya) are distinguished from the other genera by the ventral 
position of the raphe, which causes the micropyle to be on the 
side-away from the placenta (extrorse). 

A number of fossil species of Comus have been described from 
leaf-remains; a few from the later Cretaceous, but the majority 
from Tertiary strata. 

Cornaceae are closely allied to the Caprifoliaceae, in which they 
were included by Kunth; the resemblance between the flower of 
Cornus and that of Viburnum and Sambucus is very close, the 
former differing from the latter in having the petals free. In a 
tree-like arrangement which depicted the true relationships of 
families these two would stand near each other. 

Several other genera were formerly included in this family (as 
in the Pflanzenfamilien), but in the light of more recent investiga¬ 
tion have been removed. Oarn/a is now classed with the Mono- 
ehlamydeae; Nyssa , Camptotheca and Davidia, forming the family 
Nvssaceae, and Alangium , constituting the family Alangiaceae, 
are regarded as more nearly allied to the Myrtiflorae. 

REFERENCE 

Wanokrin, W. Dux Pflanzenreich, iv, 229 (1910); see also Engler’s Botan. 
Jahrb. xxxviii. Beiblatt 80 (1900). 

Sec also Horne, A. S. A Contribution to the Study of the Evolution of the 
Flower . with .special reference to the Humamelidaceae , Caprifoliaceae and 
Cornaceae. Transact. Linncun Society, (Rot.) vin, 239 (1914). 
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Grade C. SYMPETALAE 


The following orders are characterised by greater or less 
union of the lower portion of the petals, either as the result 
of lateral union or by the development of their common base 
on which the stamens are generally also carried up ; associated 
with this is the presence generally of only one integument to 
the ovule. The union of the petals to form a shallow or deep 
cup, funnel or tube, is obviously an adaptation to pollination 
by insect-aid. More efficient protection and concealment is 
thus ensured for the nectar, the pollen and the ‘ essential 
organs generally. The sympetalous families represent , generally 
speaking, a higher stage of entomophilous floral adaptation 
than the dialypetalous; and in several orders very great 
specialisation has been attained in the more advanced mem¬ 
bers; for instance, Labiatae in the Tubiflorae, Asclepiadaceae 
in the Contortae, Compositae in the Campanulales; the 
specialisation running on different lines in the different 


orders. . , ■ 

Associated with sympetaly is a progressive reduction m 

the number of whorls in the flower (the cyclic arrangement 

is general), and of parts in each whorl. The first four orders 

differ from the remainder in having a regular typically penta- 

cvclic flower, that is with an outer and inner whorl of stamens, 

and characters recur that are associated with the Dialypetalae 

—freedom of petals, freedom of the stamens from the corolla, 

and a double integument in the ovule. These families are 

generally hypogynous but a greater or less tendency to 

epigyny occurs in each order. The remaining and greater 

number of orders have tetracyclic flowers, and in each a 

progressive adaptation to entomophily is worked out, often 

embodying reduction in number of parts in association 

with greater specialisation. The adaptation runs on different 

lines in different orders. Thus in Oleales and Contortae 

the flower remains regular, but in Tubiflorae the tendency 

to zygomorphy is the leading character associated with 

reduction in the staminal whorl. In the great majority the 

number of carpels is reduced to two, and there is also a 
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greater or less tendency to the reduction of the number of 
ovules in each ovary-chamber. Two orders, Rubiales and 
Oampanulales, are distinguished from the remainder by an 
inferior ovary and are also characterised in their more 
advanced representatives by a tendency to aggregation of 
the flowers. This culminates in the capitular inflorescence of 
Dipsacaceae and Compositae, where associated with the taking 
over of the protective function by the involucre of bracts is 
the reduction or late development of the calyx, which be¬ 
comes functional only in the fruiting stage, and the pro¬ 
gressive differentiation of the flowers of the head into an 
outer often purely attractive zygomorphic flower and an inner 
generally small and regular seed-producing flower. In the 
higher members of these two orders reduction of the ovary 
becomes complete, and it is a single cell containing one 
ovule. In Campanulales, which is regarded as representing 
the highest grade of adaptive floral development, the pollina¬ 
tion-mechanism is associated with more or less complete 
lateral cohesion of the anthers. 

The consideration of the sympetalous orders together after 
the dialypetalous is largely a matter of convenience and must 
not be regarded as implying that they form a distinct natural 
class. Sympetalous genera occur here and there widely 
distributed throughout the dialypetalous families, and the 
occurrence of dialypetaly has been noted among the typically 
sympetalous orders—especially those which we regard as 
representing a less advanced stage of adaptation. In a 
thoroughly natural system the sympetalous orders should 
follow those dialypetalous orders with which they are most 
nearly allied. But it must be borne in mind that the sym¬ 
petalous orders can rarely, if ever, be traced from existing 
dialypetalous orders. At present all that we can say with 
any approach to truth is that certain orders of Sympetalae 
probably represent an advanced stage of the development 
characteristic of certain orders of Dialypetalae. The consider¬ 
able differences of opinion as to phylogenetic relationships, 
among botanists who have carefully studied the orders of 
Seed-plants, and even the differences of opinion of one and 
the same worker at different periods, would suggest the 
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advisability for the present of merely indicating possible 
lines of development. 


A. Pentacyclicae. 


Order 1. Ericales. 

Family I. Clethraceae. 

„ II. Ericaceae. 

„ III. Pyrolaceae. 

„ IV. Epacridaceae. 

„ V. Diapensiaceae. 

Order 2. Primulales. 

Family I. Theophrastaceac. 
„ II. Myrsinaceae. 

III. Primulaceae. 


Order 3. Plurabaginales. 

Family Plum bag inaceae. 

Order 4. Ebenales. 

Family 1- Sapotaceae. 

„ II. Ebenaceae. 

,, III. Styracaceae. 

„ IV. Symplocaceae. 


B. Tetracyclicae. 


(a) Superae. 

Order 1. Oleales. 

Family I. Oleaceae. 

„ ‘ II. Sa 1 vadoraceae. 

Order 2. Contortae. 

Family I. Loganiaceae. 

„ II. Gentianaceae. 

„ III. Apocynaceae. 

„ IV. Asclepiadaceae. 

Order 3. Convolvulales. 

Family Convolvulaceae. 

Order 4. Tubiflorae. 

Family I. Polemoniaceae. 

II. Hydrophyllaceae. 
”, III. Boraginaceae. 

IV. Verbenaceae. 

” V. Labiatae. 

„ VI. Nolanaceae. 

„ VII. Solanaceae. 

„ VIII. Scrophulariaceae. 
„ IX. Selaginaceae. 

X. Globulariaceac. 


Order 4. Tubiflorae ( contd .)• 

Family XI. Orobanchaceac. 
XII. Gesneriaceae. 
XIII. Pedaliaceae. 

”, XIV. Martyniaceae. 

XV. Bignoniaceae. 

XVI. Lentibulariaceae. 

XVII. Acanthaceae. 

Order 5. Plantaginales. 

Family Plantaginaceae. 

(b) Inferoe. 

Order 1. Rubiales. 

Family I. Rubiaceae. 

II. Caprifoliaceae. 

’’ III. Adoxaceae. 

IV. Valerianaceae. 

’’ V. Dipsacaceae. 

Order 2. C'ampanulales. 

Family I. Campanulaceae. 
II. Goodcniaceae. 
III. Stylidiaceae. 

IV T . Compositae. 


A. PENTACYCLICAE 

Flowers regular, with typieally five isomerous whorls 
conforming to the formula Sn, Pn, An + n, G(n), . often 
being 6; one of the staminal whorls may be rudimentarj o 
suppressed, and in other cases add.t.onal whorls are formed^ 
The pentacychc orders may be regarded as those most 
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closely allied to the Dialypetalae; the petals are sometimes 
free, in Erieales the stamens are generally free from the corolla 
with a hypogynous insertion, and in Primulales the ovule 
has two integuments. 


Order 1. ERIC ALES 


Flowers bisexual and regular conforming to the formula 
Sn, Pn, An[-f n], G(n), where n is 4 or 5; generally ob- 
diplostemonous. Stamens generally free from the petals, and 
inserted like the latter at the edge of a usually hypogynous, 
nectar-secreting disc; petals sometimes free. Carpels generally 
opposite the petals; ovary superior to inferior, generally 
multilocular with axile placentas bearing numerous ovules; 
ovule with one integument; style simple. Seeds small con¬ 
taining a straight embryo surrounded by endosperm; embryo 
undifferentiated in Pyrolaceae. Usually shrubby plants with 
simple often leathery persistent leaves, chiefly in cold and 
temperate climates. 


The order represents a comparatively unadvanced state of 
sympetaly still retaining characters of the Dialypetalae. 
Thus the petals are sometimes free, as in the small family. 
Clethraceae (containing one genus Clethra, widely distributed 
in the warmer parts of both hemispheres), frequently in 
Pyrolaceae. and occasionally in Ericaceae. The stamens are 
generally free from the corolla and in two series; Epacridaceae 
represent s a more advanced type with petals constantly united 
to form a tube and a single whorl of generally epipetalous 
stamens, and the same obtains in Diapensiaceae, where 


how ever 


a second whorl of stamens is sometimes indicated 


by staminodes. Diapensiaceae is also of interest from the 
reduction in the number of carpels to three. In the more 
recent editions of his System Engler separates this family as 
a distinct order. Diapensiales. 

1 he subfamily Vaccinioideae of Ericaceae is exceptional in 
having the ovary inferior, but its close resemblance in other 
characters with the subfamily Arbutoideae forbids its separa¬ 
tion from the Ericaceae, and it must therefore be regarded 
as representing an advance, in the direction of simplifica¬ 
tion ot the flower, on the other members of the order. 
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Family I. CLETHRACEAE 

Contains the single genus Cleihra , with about 30 secies widely 
diiSSS in America from the Atlantic United St a,... through 
Central America and the West Indies to Brazil and occurring 
also in Eastern Asia and Madeira. They are shrubs or small trees 
with alternate leaves and flowers in terminal racemes or panicle^ 
The flowers are bisexual, regular, with five persistent sepals hte 
free deciduous petals, and olxliplosteinonous aith t o rU 

of five hypogynous stamens. There is no disc_ l lit ant him 
dehisce by a pair of apical pores. The three carpels form a superi r 
three-celled ovary containing in each chan.her numerous a-, 
t-ropous ovules on club-shaped outgrowths of the central p ac. i ta. 
The style divides above into three stigma-bearing branches. > 
fruit is a three-valved capsule opening locu icidallj, ,he s ‘l '/ 
separating from the central column The small seeds have , . 
testa and a fleshy endosperm round a short cylindrical embryo. 

Family II. ERICACEAE 

Flowers bisexual, generally regular, 5- to 4-mcrous, ob- 
diplostemonous. Petals sometimes free, s.tuated w>tl* he 
stamens on the outer edge of a hypogynous or ep.gno- 
nectar-secreting disc. Anthers introrse the halves ee a d 
often spreading above, often appendage.!, dehiscing by 
apical pores or slits, pollen in tetrads. Carpels opposite the 
petals, united to form a 5- to 4-chambored ovary, -tyle 

central, simple, elongated, with a capitate st, .f^onous 
nxile, bearing each 1-oc anatropous or obliquely ampli I - 
ovules. Fruit generally a many-seeded capsule, sometimes a 
berry or a few-seeded drupe: seeds small or mmute eon 
tainiiig generally eopious endosperm and a eylmdncal. often 

alternate, opposite or whorled leaves, which are oft. n nocdto 
like, and frequently stiff, leathery and evergreem hloners 
solitary in the leaf-axils, or in lateral or terminal racemes 

^Genera 80; species about 1500. Temperate and cold regions: 
mountains in the tropics. 

Ericaceae are generally woody plants, -metin.es with a 
slender creeping stem as in Bilberry (I accmium), o. forming 
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low bushes like our native Heaths, or of larger size sometimes 
even becoming arborescent, as in some Rhododendrons. 

The tendency for the strongest shoots to end in an in¬ 
florescence causes vigorous lateral branching, as in the 
Rhododendrons, from just beneath the flowering shoots, 
often resulting in a sympodial growth, or, as in many Heaths, 
from the lower branches; sometimes, as in Vactinium and 
Andromeda . new shoots break through the ground from a 
widely-creeping subterranean rhizome (compare the mode of 
growth in Pyrola ). The nature and development of the ter¬ 
minal bud also lead to differences in habit. In the true 
Heaths (Ericoideae) the new season's growth on a leafy shoot 
follows without a break on that of the past season, the closely 
arranged leaf-whorls succeeding without the intervention of 
bud-scales; in the Rhododendrons, and generally in the other 
subfamilies, the foliage-leaves in the terminal bud are pro¬ 
tected by bud-scales and the more rapid growth of the lower 
part of the shoot results in the separation of the foliage of 
successive seasons by a number of long naked internodes, 
above which the spirally-arranged leaves form a more or 
less dense rosette. Endotrophic mycorrhiza in association with 
the roots is of widespread occurrence in the family, and in 
Ca/luna vulgaris (Ling) 1 the fungus has been traced from the 
roots through the plant to the ovary and fruit, where it is 
associated with the seeds and thus serves to infect the next 
generation; the fungus has been found to occur in the fruit 
very generally in the family. 

I he leaves shew well-marked xerophytic characters; in the 
Heaths, which flourish in open situations in temperate and 

are needle-like, and often deeply grooved, 
torming an almost closed chamber on the under side; in the 
other subfamilies they are generally stalked and more or less 
elliptical in shape, with an entire margin, often leathery and 
evergreen, with a strongly cuticularised upper epidermis, and 
otten containing water-storing tissue between it and the 
green assimilating layers; characteristic hairs frequently 
occur on the lower epidermis. 


1 Raynor, M. 
\xix, 97 (1913). 


Obligate symbiosis in Calluna vulgaris." Annals of Botany, 
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The leaf-anatomy affords characters which are found to 
be of value in distinguishing genera and ^^t.mes eve^ 
tribes They are founded on the arrangement of the chloro 
S parenchyma, the presence of water-storing U-ue. he 
arrangement of the stomata on the lower face, and 

structure of the hairs. 



^ 1 |t ^ 

Fio. 20? A. Vaeeinium MyrtiUu*. flower cut vertically. 


208. A. Vaeeinium Myruuu *. Trcl^ A Uva ursi. flower in 

diagram of a pentamerous flower t. Arrlo^y D> E . Side and front 

vertical section (ui>l»cr part Stamen of Vnrcinium VihA-tdaea. 

S®* (A aftcr Eng,er: 

B after Eichlcr; C after Warming; D-G after Urude.) 

The flowers are sometimes solitary and axillary or terminal, 
but are generally arranged in few- to many-flowered racemose 
inflorescences at the end of the branches, as m Rhododendron 
(an umbel), Arbulu., (a panicle), or on small lateral shoots 
(Erica)- a bract and pair of bracteoles are normally present. 
They are regular, or in Rhododendron (fig. 209) slightly xygo- 
morphic with stamens of unequal length and bent downwards 
towards the mouth of the flower (decimate), and conform with 
few exceptions to the formula Sn, Pn, An + n, G(n), with four 
or five members in each whorl; the androec.um is obdiplo 
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stemonous, and the carpels are opposite the petals. The 
corolla is usually more or less bell-shaped; in the Ericoideae 
it persists, becoming dry after fertilisation. 

A characteristic of the flower is the nectar-secreting disc, 
on the edge of which the corolla and stamens are separately 
attached; it varies in form in different genera. There is great 
variety in the form of the anthers, according to the degree 
of separation of the halves; the shape and position of the 
apical pore or slit and the absence or presence and form of the 
horn-like appendages affording useful systematic characters. 

The conspicuous bright-coloured corollas, the presence of 
nectar, and the scent, render the flowers attractive to insects, 
and the position of the sticky stigma projecting beyond the 
introrsely dehiscent anthers favours crossing. Our British 
Heaths are good examples of bee-flowers; the stigma which 
protrudes at the mouth of the pendulous flower is first 
touched by the insect, which in probing for nectar at the 
base of the flower touches the anthers or their appendages 
and shakes out a shower of pollen from the apical pores. 

'there are four subfamilies; the distinctions are based chiefly on 
the position of the ovary and the character of the fruit and seed. 

Subfamily I. Rhododendroideae. Fruit a septicidal capsule: 
seeds with a strongly-ribbed loose coat, often winged. Petals 
deciduous, sometimes free (Ledutn and others); anthers without 
appendages. Includes 17 genera with 850 or more species. The 
largest genus. Rhododendron (including Azalea), with about 800 
species, has its chief centre of distribution in the mountains of 
Eastern Asia, many species occurring on the Himalayas and the 
mountains of South-west China: there is a less important centre 
in North America, and a few species occur in the mountains of 
Central and Southern Europe and Asia Minor: the flowers are 
often large and showy. Dabeocia (St Dabeoc's heath), a mono- 
typic genus of Western Europe, occurs in Ireland. The British 
representatives are Loiseleuria procumhens and Phyllodoce 
coerulea. both north circumpolar species found in Scotland. 


Subfamily II. Arbutoideae. Fruit a berry or loculicidal capsule, 
seeds triangular-ovate, not winged. Petals united, deciduous; 
anthers often with bristle-like appendages: ovary superior. 
20 genera with about 250 species, chiefly north temperate to 
arctic. '1 he largest genus, (iaultheria (about 100 species), is 
chiefly American, extending from the north along the Andes 
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through central and tropical South America to Chile; a few 
species occur in the Himalayas and Eastern Asia, « 'ndmg 
south to Australia and New Zealand. Arbutus l nedo (Strau 
berry-tree), so called from its orange-scarlet berry, is a South 
European species which extends into South Ireland, Arcto- 
staphulosalpina, A. Uva-ursi and Andromeda pohfoha are arctic 
and alpine species occurring in Britain. Eptgaea repens is the 
Trailing Arbutus or Mayflower of Atlantic America. 





-Oil. 

cn x t -i ttt Va(’cinioideae. Ovary inferior, fruit a berry, 
mals united, corolla often globose! bell-shaped or tub.dar 

circumpolar “tt genus ‘L'XmtT.K. sped«, four^f 

which"^British ; V. Myrlillus is the Bilberry and V. Oxycoccos 
he Cranbm-V Epiphytes are frequent in tropical mountain 
genera, such as Thihawlia (South American Andes) and others. 
,, , . T iy PuirninFAF Fruit usually a loculicitlal capsule; 

S 's^s'^oind,‘noJ wm^; corolla peiistent; anthers often 
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appendaged. 17 genera with about 600 species, 500 of which 
belong to Erica. The great majority are confined to the Cape; 
others occur on the mountains of tropical Africa (species of 
Erica, Blaeria) and the Malagasy Islands, and in Europe and 
North Africa, especially the Mediterranean region. Cailuna 
vulgaris (Ling) is a wide-spread heath-plant in Europe, spreading 
into North Asia and occurring also in Greenland and in a few 
places in the Atlantic States of America. Erica Teiralix and 
E. cinerea are our common British Heaths; two other species in 
S.W. England and one in West Ireland ( E. mediterranea) are 
representative of a South-west European flora. 


Family III. PYROLACEAE 

Petals free or united; stamens free, hypogynous. Ovary incom¬ 
pletely chambered; placentas thick fleshy, bearing very numerous 
small anatropous ovules. Fruit a loculicidal capsule. Seeds 
minute with a loose testa; embryo small, undifferentiated within 
the endosperm. Perennial evergreen herbs, or saprophytes with¬ 
out chlorophyll. 

Genera 10; species about 30. Chiefly woods of the north 
temperate zone. 

Pyrola and Ckimaphila, forming the subfamily Pyroloideae, 
have a widely-branching underground rhizome, the branches 
forming above ground leafy shoots, often a dense leaf-rosette, 
and ending in one, or several racemose flowers. The leaves are 
leathery and evergreen, hence the name Winter-green {Pyrola). 
Monotropa (Indian pipe) and allied genera {Pterospora, Sarcodes) 
forming the subfamily Monotropoideae are leafless saprophytes, 
living in the moist humus of woods and thickets; they have a 
richly branched fleshy root-system in which flower-shoots originate 
as endogenous buds, and breaking through the cortex appear 
above ground as succulent scapes, generally yellowish in colour, 
bearing brownish, crimson, pinkish, yellow or white scale-leaves 
and ending in a single flower or a raceme; the roots are associated 
u it h asymbiotic fungus forming a mycorrhiza, which is also present 
in less quantity in the Pyroloideae. 

The flowers stand in the axil of a scale-like bract, bracteoles 
are wanting; they are bisexual, regular, 4- to 5-merous, and con¬ 
form to the typical formula, with obdiplostemonous androecium. 
The petals are generally free but united to form an unishaped or 
campanulatc corolla in the monotypic American genera Pterospora 
and Sarcodes. The anthers in Pyroloideae dehisce by apical pores 
and the pollen remains united in tetrads, except in P. secunda ; in 
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Monotropoideae the dehiscence is by slits and the pollen is 

simple. , , . 

The corolla and stamens are often inserted at the edge ot a 

nectar-secreting disc, which is sometimes represented by separate 

nectaries or is rarely completely absent. 

The fleshy ovary bears a simple columnar style; in some genera 
of Monotropoideae it is unilocular except at the extreme base, 
but generally the septa are wanting only in the upper part of the 
chamber. The ovary-cavity is almost filled by the thick fleshy 
placenta, the surface of which is crowded with ovules. I he 
minute seeds have a delicate loose testa enclosing a central nucleus 
consisting of an oily endosperm and a few-celled undifferentiated 
embryo. Pyrola , the largest genus (15 species), extends into the 



.,,o A Floral diagram of Pyrola. B. Flower of P. urn flora, enlarged; two 
MUls have U*n removed to shew the glandular disc, d C. Transverse 
section of base of ovary of Monotropa Hypopitys. D. Similar section above 
the middle; both enlarged. E. Median portion of the Reed of ^ 
much enlarged; e, embryo; n, endosperm; /. loose seed-coat. (A after 

Eichler; B-E after Drude.) 


Arctic zone, and southwards into the Himalayas and the mountains 
of Mexico; four species are British. Monotropa. with three spec.es, 
has almost as wide a distribution; the British species, M. Hypopilyt. 
occurs in Europe, Siberia, Japan and in the New- World from 
Canada to Mexico; of the allied genera seven are North American 
and one is Himalayan; Sarcodes, a monotyp.c genus m the Sierra 
Nevada of California, sends up a fleshy spike of brilliant red 

flowers through the melting snow 1 . . 

Pyrolaceae are closely allied to Ericaceae from which they are 
distinguished by incomplete aeptation of the ovary and the un¬ 
differentiated embryo. They may be derived from an Eneaceous 
stock with free i>etals (such as are found in Ericaceae in Ledum 
and allied genera) in which the shrubby habit has been lost and 
in which the herbaceous habit has gradually become saprophytic. 

1 Oliver, F. VV. “On Barcodes sanguinca." Annals of Botany , iv, 303 (1889). 


R. II. 
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Family IV. EPACRIDACEAE 

Flowers bisexual, regular, conforming to the formula Sn, Pn, 
An, G(n), with mostly pentamerous whorls. Sepals free; petals 
united; stamens generally epipetalous; anthers bilocular, de¬ 
hiscing by a common longitudinal slit, and without appendages. 
Ovary superior, with l-oo anatropous, generally pendulous ovules 
on an axile placenta in each of the five chambers; style simple 
with a capitate stigma. Fruit a five-valved capsule or a drupe 
with one to five stones. Embryo straight, cylindrical, surrounded 
by a copious endosperm rich in protcid. 

Shrubby plants with a heath-like habit, rarely arborescent. 

Genera 23; species about 350. Mainly Australasian. 

The Epacridaceae replace in Australia and Tasmania the 
heaths (Ericoideae) of South Africa, which they resemble in habit, 
being generally small shrubs, somewhat sparingly branched, with 
closely arranged generally alternate small stiff narrow entire 
leaves. The flowers are racemose, each with a bract and a pair 
of bracteoles, or often a number of bracteoles passing into the 
calyx, the sepals of which are free and resemble the bracteoles. 
The corolla is tubular with five lobes, which are often spreading 
or reflexed ; it is inserted on the edge of a disc of varying form. 
Two monotypic genera, Prionotes (Tasmania) and Lebetanthus 
(Patagonia), more nearly approach Ericaceae in the hypogynous 
insertion of the stamens and the separate dehiscence of the 
distinct anther-halves. In the great majority of cases the five 
stamens, which alternate regularly with the segments of the 
corolla, are attached to the corolla-tube and dehisce by a longi¬ 
tudinal slit common to the two cells of the anther, which becomes 
at the same time one-celled by the disappearance of the partition. 
The pollen is simple or in tetrads. The carpels are opposite the 
petals and the simple style generally springs from a central 
depression. In about half the genera, including Epacris , the fruit 
is a several- to many-seeded capsule with a loculicidal dehiscence; 
in the remaining genera (Styphelia and allies) where there is only 
one ovule in each ovary-chamber the fruit is a berry or a drupe 
containing one to five stones. 

The great majority of the species are Australasian; the family 
extends to New Caledonia and the Pacific Islands, and in Styphelia, 
to Malaya and India (one species), and is represented in antarctic 
South America by the monotypic genus Lebetanthus. Epacris and 
Styphelia are commonly grown tvs greenhouse plants. 

It is distinguished from Ericaceae, to the subfamily Ericoideae 
of which it is most nearly allied, by the single whorl of generally 
epipetalous stamens with their characteristic anther-dehiscence. 
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Family V. DIAPENSIACEAE 


A small family with six genera and 12 species, chiefly alpine 
and arctic, in the northern hemisphere. The plants are low -grow ing 
evergreen shrubs or perennial herbs, with leaves arranged in 
dense or loose rosettes and solitary or racemose flowers. The 
flowers are bisexual and regular, with the formula S5, Po, Ao + 0, 
G(3), and preceded by a pair of bracteoles. The sepals are often 
free and the corolla is sometimes divided almost to the base there 
is no hypogynous disc, and the five stamens are epipetalous, 
alternating with the corolla-segments; an alternating whorl of 
staminodes is sometimes present. Each anther-half opens by a 
longitudinal slit, and the pollen is simple. The three ^ r P^ ls f ^ ,n 
trilocular ovary which bears a simple style with a three-lobed 
terminal stigma, and contains indefinite anatropous or amph^- 
tropous ovules on a central placenta in each chamber. Thefrui 
is a three-valved loculicidally dehiscing capsule; the seeds are 
numerous and contain a cylindrical, straight or slightly bent 

embryo surrounded by a copious fleshy endosperm 

Diapensiaceae is distinguished from the other families of th 
order by the reduction in the number of the carpels; also by the 
absem/of the disc. It resembles Epacridaceae m the simple whorl 

Which is found in Scandinavia and is the 
only European species, has a circumpolar distribution, a second 
species occurs in the Himalayas. Two monotypic genera occur m 
the Atlantic States of North America; SM.aWor. hai two s^c-ies 
in Japan: Berneuxia one in Eastern Tibet; and Shortia three 
species in Eastern Asia and one ( S. galucifoha) on the mountains 

of North Carolina. 


Order 2. PRIMULALES 

Flowers regular, bisexual or unisexual by abortion, con¬ 
forming to the formula Sn, Pn | An, G(n) where n is gener 
allv 5 Stamens antepetalous and generally inserted on the 
petals, which are very rarely free; an outer antesepalous 
series is present in Theophrastaceac. Ovary superior, rarely 
inferior, unilocular, with indefinite ovules on a basal or 
free-central placenta; ovule with two integuments. Style 
simple. Seeds small, embryo straight, surrounded by fleshy 
or horny endosperm. Herbs, shrubs or trees with simple, 

entire, exstipulate leaves. 

28-2 
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The pentamerous plan of the flower, the unilocular ovary 
and central placentation of the ovules (which moreover 
resemble the characteristic type of Dialypetalae in having 
two integuments) have suggested a connection of the order 
with the Centrospermae. The evidence is less clear than in 
the case of the next order, Plumbaginales; but it seems possible 
that the order is derived from a Dialypetalous stock allied 
to that from which sprang the Centrospermae. Theophras- 
taceae and Myrsinaceae are woody plants; Primulaceae are 
herbs. In the first diplostemony is suggested by an outer 
series of staminodes alternating with the petals; in the other . 
two families, which are more closely allied, a tendency to 
epigyny occurs. 

Family I. THEOPHRASTACEAE 

Flowers bisexual or dioecious, regular, generally pentamerous. 
Sepals free or slightly connate ( CUivija ); corolla rotate, urceolate 
or funnel-shaped ; an outer series of five antesepalous staminodes 
alternates with an inner series of five antepetalous stamens, the 
filaments of which in Clavija are united in a tube. Ovary superior, 
unilocular, withindefiniteanatropousovules with two integuments, 
immersed in mucilage on a central placenta. Style simple; stigma 
entire or irregularly lobed. Fruit a drupe or berry containing 
many to few seeds (very rarely only one). Embryo well developed, 
surrounded by endosperm. 

Trees or shrubs with alternate simple, entire or serrate, ex- 
stipulate leaves, which are generally crowded at the ends of the 
branches, and terminal, or sometimes lateral, racemose in¬ 
florescences of often showy flowers. An important anatomical 
character is the presence of long strands of sclerenchyraatous 
tissue beneath the epidermis of the leaves; a distinguishing feature 
from Myrsinaceae is the absence of resin-passages. 

The family contains four genera with about 70 species in the 
warmer parts of America, from Florida, through Central America 
and the West Indies, to North Paraguay. 

Family II. MYRSINACEAE 

Flowers bisexual, or more often unisexual by abortion, 
regular, 4- to 5-merous, resembling those of Primulaceae, but 
carpels sometimes fewer. Ovules numerous or few, generally 
sunk in the tissue of the free-central placenta. Fruit generally 
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a one- to few-seeded drupe. Embryo surrounded by a fleshy 

or homy endosperm. , 

Shrubs or trees, with alternate, entire, exstipulate, often 

leathery leaves, and axillary or terminal many-flowered 
simple or compound racemose inflorescences. Bracteoles are 

^Generaspecies about 1000. Widely distributed mainly 
in tropical and subtropical countries. 

Schizogenous resin-passages are present in the leaves, and 

occur also in the pith and cortex. ( ., 

The bracteoles when present stand right and left of t 
flower, in the usual position; when absent they may be 
regarded as suppressed, their presence being implied in the 
normal arrangement of the sepals, thus contrasting with 
Primulaceae where the arrangement of the sepals is co-ordin¬ 
ated with the typical absence of bracteoles The corolla-tube 
is generally short ; in the large genus hmbeha (60 species) the 
petals are free. The filaments of the stamens are sometimes 
united into a tube; in the monotypic genus Amblyanthus 
from the Kliasya Hills, N.E. India, the anthers are united. 
In Aegiceras the anther-chambers contain numerous trans¬ 
verse septa. Aegiceras (two species) are Mangrove plants 
growing on the coasts of the Old World tropics; as in other 
Mancroves the seed germinates before leaving the fruit 

The genus ^/aesa forms a distinct subfamily (Maeso.deae, 
characterised bv the inferior or half-inferior ovary , it has 
102 species in the tropics of the Old World. In the remaining 
genera the ovary is superior. The ovules, which have two 
fntegumonts, arc semianatropous to sem.campylotropous and 
are flmost always buried in the placenta; generally only one 
or a few seeds develop, and these become surrounded at the 
base by the dry cup-like remains of the placenta. The style 
is short and simple; the stigma simple or sometimes lobed, 
when the lobes are equal in number to that of the 
of the other whorls they are opposite the sepals, indicating 
similar position for the carpels. The fruits are genera v 
small and round with a crustaccous or hard endocarp and a 
fleshy exocarp. The cylindrical embryo is straight or slightly 
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bent and completely surrounded by the endosperm. Poly- 
embryony occurs in species of Ardisia (as A. japonica), and 
the germination in this genus is also of interest; A. crenata 
recalls that of Aegiceras in the early growth of the embryo, 
the radicle having ruptured the fruit-coat before the fruit 
has fallen. In A. crenulata and A. japonica the cotyledons 



Flu. 211. Ardisia t ini folia. A. Flowering shoot, x B. Floral diagram. 
Flower, x 2. I). Single stamen and petal, x 4. E. Ovary and calyx in 
longitudinal section, x 8. F. Fruit, nat. size. G, H. Fruit in vertical and 

transverse section, x 2. 

never leave the seed, whereas in other species, as A. poly- 
cephala, they emerge and form broad long-persistent cori¬ 
aceous leaves. 

The family is widely distributed in tropical and subtropical 
countries, extending southwards with a few species at the Cape 
and in New Zealand, and northwards to Japan, Mexico and 
Honda. I he largest genus Ardisia has 240 species in the wanner 
parts of both hemispheres; Rapanea has 140 species and Embelia 
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60 species; both genera are widely distributed. Myrsinc africana 

13 Myrelnareae 1 are^tose'ly allied to Primulaceae, from whichthey 
are distinguished by their woody habit, and the one- to few -seeded 

drupaceous fruit. 

Family III. PRIMULACEAE 

Flowers regular, bisexual, typically pentamerous, con¬ 
forming to the formula S5, P 5 , | A5, 0(5) the stamens 
situated on the corolla-tube and opposite the segments 
Ovary superior, rarelv half-inferior, unilocular with a fret 

central Placenta bearing indefinite semianatropous -ul e s 

with two integuments. Fruit a capsule. Seeds containing 
small embryo surrounded by fleshy endosperm. 

‘ H«r“ wUh simple exstipu.ate leaves and owe. sohUry 
or arranged in umbels, racemes or panicles, bracteoles 

W About 600 species in 22 genera. Cosmopolitan but^mainly 
in the temperate and colder parts of the northern 
sphere; many arctic and alpine. 

The plants are herbs, sometimes annual but gl “ ne ™J' 
perennial, as in Primula, persisting by a sympodial rhizome 
or in CycLmen , by a tuber formed from the swollen hypocoty 1 
The aerial stem-internodes are suppressed, the leaves forming 
a dense radical rosette, as in Primula and others or hem is 
a well-developed aerial stem, erect, as in some species 
X:laZ l vulyaris), or creeping, as in L. Nu . alarm 

(Moneywort, Creeping Jenny) and L. & tQothed 

r Phe leaves are generally simple, oite .. 

thesubmerged leaves of Hotionia are cut into fine linear 

segments; the arrangement is alternate, opposite or uher e 

and all three arrangements occur in the . get 'J 1 * y ^' ; ' (Pim _ 
The flowers are solitary and axillary, as in Anayallm (In 
per,,e"f-cf,m Nummular t a and others, or racemoseon 

terminal or lateral axes, forming an urn lC ■ “ 'Jj ; 
Primula (either sessile, as ,n Primrose, of 

Cowslip and Oxlip), or racemes or spikes a. P 

Lynimachia. .. f bract but there arc no 

Each flower stands in the axil ot a ora , 
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bracteoles, and corresponding with their absence the two 
first developed leaves of the quincuncial calyx stand right 
and left towards the posterior aspect of the flower (fig. 212, A), 
while the odd sepal is posterior. Exceptions from the typical 
pentamerous arrangement occur, as in Trienlalis, 5- to 9-mery, 
Lysimachia , 5- to 6-mery, Centunculus, 4- to 5-mery. The 
calyx is leafy and usually persists till the fruit is ripe. The 
corolla is generally differentiated into a longer ( Primula ) or 
shorter ( Anagallis ) tube, and a limb which is more or less 
spreading (Primrose, Pimpernel, etc.) or connivent into a 
cup (Cowslip) or reflexed (Cyclamen); in Soldandla it is bell¬ 
shaped; in Lysimachia and others the tube is often very 
short and in the small genus Pelletiera, which is remarkable 
for its trimerous flowers, it is absent, the petals being free; 
in Glaux there are no petals. In Coris the flower is zygo- 
morphic. 


The single whorl of stamens is situated on the corolla-tube 
with its members opposite the petals; the position is explained 
by assuming the disappearance of an outer antesepalous whorl 
which is occasionally represented by scales, as in Samolus 
(fig. 212) and Soldandla. Another explanation is based on 
the fact that the petals arise late in the development of the 
flower (fig. 212, h ) and spring from the backs of the staminal 


primordia; this assumes the presence of only three whorls, 
regularly alternating, namely calyx, stamens with petal-like 
dorsal outgrowths, and carpels; that is to say, the apetaly, 
which is obvious in Glaux , is general in the family. The 
foimer theory is tlie one now generally accepted for the 
reason given and because it applies also to the closely allied 
family Myrsinaceae, where, as in Primulaceae, the vascular 
bundle-traces of an outer staminal whorl are found in the 


leeeptacle. I he anthers dehisce introrsely by longitudinal 
•dits. The ovary is superior, or half-inferior in Samolus; the 
simple terminal style ends in a capitate undivided stigma. 
I lie tree-central placenta sometimes bears only five ovules, 
opposite the petals, but most frequently there are a large 
number developed spirally and in basipetal succession. The 
ovary arises as a ring on the Horal axis, so that its develop¬ 
ment affords as little evidence as does the adult structure of 
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the pistil for the existence of five carpels. The fruit, however, 
forms a capsule which dehisces in most genera by five teeth 
or valves opposite the sepals; in Hottonia , Cyclamen and 
some species of Primula they are opposite the petals, while 
in other species there are ten valves. In Anagalhs and other 
genera the capsule is a pyxidium, dehiscing transversely by 

a sharply-defined lid (fig. 212, H). 

The flowers are always bisexual, but cross-pollination is 

favoured by a very general and well-marked dimorphism in the 

flower. The two forms are characterised by long and short styles 
respectively, the stamens occupying corresponding positions 
half-way down and at the mouth of the corolla-tube, differ¬ 
ences which also entail slight differences in the shape of the 
tube and the width of the mouth; the short-styled form has 
smaller stigmatic papillae corresponding with the smaller 
pollen-grains of the long-styled. Experiments shew that it 
the visits of insects be prevented there is little or no fertility, 
and that the best results are obtained by a legitimate cross, 
that is by the pollination of a long-styled flower from a 

short-styled, or vice versa. , , 

The ovules are generally semianatropous, so that the seen 

is peltate, having the hilum in the centre of one side (ventral). 

In Hottonia and Samolus the ovules are anatropous and the 


hilum is in consequence basal. 

The seeds of Primula vulgaris , according to Sernander, 

differ from those of other species of the genus, which are 
distributed by wind, in being carried by ants;; m this species 
the funicle has been converted into an oil-body (elaiosome). 
Hildebrand 1 states that the seeds of Cyclamen are also myr- 
mecochorous, ants invading the capsule as soon as it opens 


and carrying off the seeds. 

The family is divided into the following tribes according to the 
position of the ovary, the aestivation of the corolla and the 

symmetry of the flowers. 

Tribe 1. PrimuUae. Ovary superior, capsule valvuter corolla 
lobes imbricate or quincuncial in the bud. Fr.mu(o the^largest 
genus in the family, contains more than 300 species, na 


» Hildebrand, F. Die OaUutuj Cyclamen L., cine eysUmat. 


biologize he 


Monographic, 1898. 
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the north temperate, subarctic and arctic regions, especially 
alpine and subalpine; a great number occur in the mountains 
of Northern India and China; five are British. Androsace has 
about 90 species in the north temperate zone; they are often 
more or less caespitose in habit. Soldcmdla has six species in 
the European Alps. DodeyUheon, characterised by the sharply 
reflexed petal-limbs, has 30 species in North America, chiefly on 
the Pacific side. Hottonia are water-plants with much-divided 
swimming leaves and an erect stem bearing the white or lilac 
racemose flowers above the water; H. palustris (Water Violet) 
occurs in Europe and North Asia; H. inflaia in Atlantic North 
America. 



Flo. 212. A. Diagram of flower of Primula. B, C. Long- and short-styled 
flowers of P. datior, slightly enlarged. IX Flower of Samalus Valerandi in 
longitudinal section, v 2$. E. Flower of .S', repens in longitudinal section, 
x 24 . F. Longitudinal section of young flower-bud of Anagallis arvensis, 
much enlarged; «, sepal; p, petal: a, anther; r, carjK*!. G. An older stage of 
the same shewing the pistil, much enlarged: s, stigma: p, central placenta. 
H. Fruit of Anagallis shewing transverse dehiscence, x 2J. (A after Eichler; 
B. C after Prantl; 1), K, H after Pax and Knuth; F, G after Sachs.) 

Tribe 2. Cyclamiwae. Ovary superior, capsule valvular. Tuberous 
plants; flowers with sharply reflexed petal-limbs. One genus, 
f-ifcUimni, with lb species chiefly in the Mediterranean region; 
one (C. cumyaeurn) in Central Europe. 

Tribe 3. Lysimachieae. Ovary superior, capsule valvular (sub¬ 
tribe Lysimachiin'te) or a pyxidium (subtribe Anagallidinae), 
corolla-lobes contorted in bud. Lysimachia has 110 species in 
temperate regions and mountains in the tropics. TrientaUs, 
three species, in the temperate and cold regions of the northern 
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hemisphere; T. europata verv small 

nectarless flowers. Ceniunculus , hree ^ warm 

annual herbs widely distributed ** (Pimpernel), 24 

Tribe 4. Samoleae. 0\ar> '* 1 y a i eralu ii (Brook-weed), is 

with nine species, one of which, S- « ' the 

in temperate 

is distinguished by 1*^ 

Order 3. PLUMBAGINALES 
Family. PLUMB AGIN ACEAE 

G(5) ; braeteoles present Calyx g rior _ uni . 

sistent; stamens opposite the p.- ovuU ' with two 

locular, with a solitary asa . ■ filiform funiclc with 

integuments borne at the top o a 1°"8 ™tor th e 

the micropylc pointing upwards, styles twe, pi 

sepaL,. Embryo straight endosperm inealy. ^ <Jf 

Perennial herbs or shrubs w.t^narro^ ^ chalk , glamls . 

without stipules, bearing cf ( species; cosino- 

One family with 10 genera and about 200 spec 

the plants are low-growing ^British genera 

The leaves are often radical as in t“ ' 1 ° ca i avc nder). in 

Armeria (Thrift) and Limoni well-developed flat 

Plum , T and allied genera they■ < ave-«.■ ^ 

blade, but frequently they are / , 4cant holimon. 

our'Brit^l^sp^ies'of^AninM'iu'and^l^taea 
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living in dry situations the water-pores on the leaf-surface 
are sunk below the level of the other epidermal cells or 
otherwise protected; the addition of chalk to the secretion is 
characteristic of xerophilous species, the chalk-scales covering 
the glands or even the whole leaf-surface and acting as a 
very efficient check to transpiration. Another anatomical 
character of interest is the presence in individual genera of 
vascular bundles in the pith and cortex, of phloem in the 
wood, and of strands of sclerenchyma in the primary cortex 
and in the nith. 

A 



Fw. 213. A. Flower of Plumbago rosea in vertical section. B. Floral diagram of 
P . europaea. C. Instil of Armeria manlima. D. Vertical section of ovary 
of Armeria alpina; f, funicle; o, i, outer and inner integuments of ovule. 
E. Persistent calyx enclosing fruit in Limomum Thouini . F. Vertical 
section of fruit of same. C-F enlarged. (A, C, E, F after Baillon; B after 
Kichler; I) after Wettstcin.) 

The inflorescence in Plumbago and allied genera is a 
raceme, each flower having two lateral bracteoles which 
always remain sterile. In the Staticeae , on the contrary, 
branching occurs in the axil of one of the bracteoles, the 
other being sometimes suppressed {Armeria) so that in place 
of the single flower in Plumbago a few-flowered cyme is 
developed. The whole inflorescence shews widely-differing 
forms. In Armeria the cymes are closely aggregated into a 
head, the bases of the outer sc-arious bracts being prolonged 
down the scape and uniting to form a sheathing tube. In 
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Limonium the cymes arc generally th^-flo^ed and are 

plkitod between ike -r.«» ™ >«™ T’"'" 

of Armeria it is spurred, in Plumbago it ,s covered »ith 

glandular^ hairs, fmHhno * to 

s===^=££KE55£ 

s^ls== 

Dimorphic flowers occur membranous 

chiuracter or iS S^hairs <«.W, * which 
^“P„in and papery, it may = “ 

V£T <SSeT Th^’Jd comply mis it. a 

steppes europaea 

tropics of both Old and Ne ion . Acan tholimon (80 

18 “ ThLTts mate development in Persia, spreading cast- 

Hs,™ >: -r sssss=-2= s z 

S„S. .„d .lew- >1 kk“ Old World. 

i . »9 ao snecies the number in some 

The ten genera contain about -«> - I ’ wi.lclv according 

rittmates 3 ^“auThom.™^" Z two tri.,s. 
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Tribe 1. Plumbagineae (including Plumbago and three small 
genera). Characterised by a simple inflorescence, both bracteoles 
being sterile, hypogynous stamens, and styles free only in the 
upper part. 

Tribe 2. Staticeae. Inflorescence compound, one of the bracteoles 
being fertile, stamens epipetalous, styles free almost to the base. 
Acantholimon, Armeria, Limonium and three smaller genera. 

K. V. O. Dahlgren 1 has indicated a striking difference in the 
embryogeny of the two tribes. In Staticeae there is the usual 
eight-nuclear embryo-sac, but in Plumbagineae only four nuclei 
are formed; the uppermost becomes the nucleus of the egg-cell, 
the lowest the antipodal nucleus, and the remaining two the polar 
nuclei which fuse very early. The antipodal cell soon disappears. 
The author comments on this extreme reduction of the gameto- 
phyte generation. 

The Plumbaginaceae were formerly classed with the Primulales 

with which they have a common flower-plan, with antepetalous 

stamens, a unilocular ovary, and an ovule with two integuments. 

They shew, however, important differences, especially in the 

structure of the ovary, which has five styles, and the attachment 

of the solitary ovule, the mealy nature of the endosperm, and the 

absence of anv trace of an outer staminal whorl. 

* 

An affinity has been suggested with the Centrosperinae which 
Plumbaginaceae resemble in the ovary formed of several carpels 
but unilocular, with a basal ovule borne on a long funicle, and 
the embryo surrounded by a mealy endosperm; also in the presence 
of bracteoles and the persistent calyx. Analogous deviations 
from the normal arrangement of the vascular bundles in the stem 
occur in each order. The small tropical family Basellaeeae (Centro- 
spermae) has flowers recalling those of Plumbaginaceae in having 
the five petals united l>elow, and one series of antepetalous stamens. 
The characteristic campylotropous ovule and curved embryo of 
C'entrospermae contrast with the anatropous ovule and straight 
embryo of Plumbaginaceae, but as the latter also occur in the 
('entrospermae this does not preclude the view that Plumbaginaceae 
are derived from the Centrosperinae or from a form closely allied 
to that order. 


Order 4. E BEN ALES 

Flowers bisexual and regular, often pentamerous, diplo- 
stemonous, or triplostemonous, or sometimes haplostemonous 


1 Arkiv Bot. xiv. No. 8, 1-8 (Stockholm, 1915). 
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bv abortion; petals united, stamens inserted on the corolla- 
tube ■ ovary superior, rarely inferior, multilocular; placenta- 
OonaxUe with one to few ovules in each chamber. Seeds 
with a straight or slightly bent embryo surrounded bj 

en Woodyplants, mainly tropical, with simple, often leathery, 

16 The families fall into two suborders. (1) Sapotineae, com- 
pnsing SapotLeae, with a superior completely septate owy 
aml ^ single ascending ovule with one mtegumentt m .each 

characters: 

Ovary superior rarely half-inferior. 

Flowers usually dioecious, ovary completely 

Flowers bisexual, ovary septate only 

portion ••• ••• ••• "* . 

Ovary almost completely inferior; flowers bg-ah ovary 

completely septate ... ••• — f 

The order is isolated, with no close ^'havc 6 had a 

D^lypetXe.' There is a tendency 

finding o distinct lines of development, one 

represented b^Sapotaceae and the other by the Diospyrincae 
h, which the ovule still retains the two integuments and m 
, • _u 0 the epigynous tendency is strongly marked. 

ohvlLenv is extreSy doubtful; Wettstein has suggested a 

S the Ma.va.es, Gerania.es and Rutak,, 

___ which occur the diplostemonous androecium with 

tendency to indefinite stamens by branching, and the septa e 

isomerous gynoecium with axile placentation. 
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Family I. SAPOTACEAE 

Flowers generally bisexual; sepals 4—8 in two isomerous 
whorls, or five in one whorl; petals more or less united, as 
many as the sepals but in one whorl, more rarely double as 
many in two whorls, sometimes with lateral or dorsal 
appendages. Stamens situated on the petals, typically in 
two or three whorls, the outer antesepalous whorl often 
reduced to staminodes or absent. Carpels as many or double 
as many as the number of stamens in a whorl; ovary superior 
with as many chambers, each with one anatropous ovule 
having a single integument at the base of the axile placenta; 
micropyle pointing downwards. Style simple, stigma incon¬ 
spicuous. Fruit a berry, the outer layer sometimes scleren- 
chymatous; seeds few or one, with a broad hilum; testa 
hard, shiny; endosperm oily, sometimes absent. 

Mostly trees with alternate simple entire penninerved 
leathery leaves, sometimes stipulate. Rows of laticiferous 
sacs are found in the pith and cortex and in the leaves. 
Flowers small, solitary or in cymose clusters in the leaf-axils, 
or above the scars of fallen leaves, sometimes on old stems. 

Genera 40; species about 600; widely spread in the 
tropics. 

The leaves, flowers and fruit are often clothed with uni¬ 
cellular two-armed hairs. The bracteoles when present are 
small and caducous. The sepals are slightly united at the 
base or free, they shew considerable variation in number and 
arrangement, thus 2 + 2, 3 + 3, 4 + 4, or 5. The petals 
follow in a single whorl, isomerous and alternating with the 
sepals. Occasionally a second whorl is present; they are 
united below, the segments having an imbricate aestivation. 
In ftlitnusops the number is apparently increased by the 
development from the base of each segment of a pair of 
dorsal outgrowths which may resemble the segment or be 
much cut. In other genera each segment bears a pair of 
lateral outgrowths. The stamens or staminodes follow in 
regular alternating whorls. When the number of carpels is 
doubled, the ovary-chambers alternate with the members of 
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the two preceding staminal whorls in the same way as the 
petals alternate with the sepals in the two-whorled calyx. 

The flowers are'proterogynous; the tip of the style w ith e 
sticky stigma appearing above the corolla before the expan- 



„ ‘>14 Achras Savoia. A. Flowering shoot. B. Floral diagram. C. Flower 

Fio. -14. I) Flower with corolla opened out; a whorl of |>ctnl- 

in female^o^Xmati withThe condladoW E. Fruit; the left side 
Uke staminodis \ the rjght shewing transverse and longitudinal 

in long from the back, shewing the long hilum. (1. S«-od in 

Ctudinai -nors^Iwing embryo. C, I) enlarged; A reduced; K-(. 
slightly reduced. (After Engler and Flor. Bras.) 

Sion of the latter; at this stage the flowers are erect, but 
thev usually become pendulous by bending of the stalk during 
dehiscence of the anthers, which is generally extrorse by 

longitudinal slits. 

The inner pulp of the berry is traversed by numerous 
latex-sacs; in the larger fruits the epidermis is replaced by 
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brown cork-layers, and sclerenchymatous tissue is also found 
in the periphery. Sapotaceae occur throughout the tropics; 
they are absent from Europe and extra-tropical Asia, but in 
America Bumelia extends northwards to Illinois and south¬ 
wards to Argentina. Sideroxylum extends as far south as 
New Zealand. 

The sticky nature of the berries favours their distribution 
by birds, though in many cases the size of the fruit is a bar 
to this means of dispersal. Engler notes that several species 
with fruits of more than 2 cm. diameter occur in the West 
Indies and the Sunda Islands, and also in the islands of the 
Malagasy group, suggesting a transport of the seeds by sea- 
currents. 

The family is a useful one. The fruits are edible, and the larger 
and more juicy, such as Acliras Sapota, the Sapodilla of the West 
Indies, Chrysojthyllum and Mimusops ,are cultivated in the tropics; 
the endosperm is also often a source of oil, as in Butyrospermum. 
The wood generally is very hard, affording useful timber often 
known as iron-wood, e.g. Sideroxylum : the bark is frequently 
bitter and astringent. The latex of many species, especially of 
Mimusops, Payena (Malaya) and Palaquium (India, Malaya), is a 
source of gutta percha. 

The largest genera are Sideroxylum, with 100 species in tropical 
and subtropical parts of the Old World, Chrysophyllum, 70 species 
in the tropics of both Worlds but chiefly of America, and Mimusoj w. 
with 160 species widely distributed through the tropics. 


Family II. EBENACEAE 

Generally dioecious; flowers rarely bisexual or polygamous, 
3- to 7-merous, regular. Calyx persistent, more or less deeply 
cut. Corolla gamopetalous; segments with generally contorted 
aestivation, equal in number to those of the calyx. Stamens 
attached to the corolla-tube and isomerous with its segments, or 
twice jus many or still more numerous; staminodes generally 
present in the female flower. Pistil rudimentary or absent in the 
male flowers, superior in the female and bisexual; ovary with 
2 to 16 chambers, containing one or two anatropous pendulous 
ovules in each chamber; styles two to eight, free or united at the 
base; stigmas small, entire or two-lobed. Fruit fleshy or leathery, 
generally indehiscent. often few-chainbered and one- to few- 
seeded by abortion. Endosperm copious, cartilaginous, often 



EBENACEAE 


451 


ruminate; embryo axile straight or slightly curved.Woody 
plants; leaves generally alternate, more rarely opposite or » horled 
entire, usually leathery, exstipulate. Flowers axillary , solitary o 




* v j) Kali A Male flower, enlarged. B. Diagram 

F, °- 

aperm a‘d S^hUy “rvod apical omliyo. (A-E .her U- Mao,,, and Hr 
caiane.) 

in small cymose inflorescences, of fewer flowers in the female 

plants; bracteoles typically present, 

1 Genera 5; species 320. Tropical and subtropical. 

The adult stem is characterised by an extraordinarily hard and 
heavy heart-wood, generally black in colour, more rarely green or 

~ 2)-2 
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red; ebony is the heart-wood of various species of Diospyros. 
Cauliflorous inflorescences occur in some species of Diospyros and 
Maba. 

The corolla is tubular, bell-shaped or rounded; the stamens, all 
of which are fertile, are inserted at the base of the corolla-tube 
or near it on the receptacle, they are usually in two whorls, but 
the number of stamens may be considerably increased by 
branching. The anther-dehiscence is longitudinal by lateral slits, 
more rarely, as in a section of the genus Diospyros, by apical 
pores. 

The carpels are typically isomerous with the sepals and petals 
and opposite the former; the ovary-chambers are often divided 
into two by a false septum, in which case the number of carpels is 
apparently doubled and there is a solitary ovule pendulous from 
the central angle of each chamber. 

The fruit is generally indehiscent forming a fleshy beny, but in 
a few species has a valvular dehiscence. Diospyros Kaki, the 
Kaki or Persimmon, a native of China and Japan, has a luscious 
fruit as big as an orange; the fruit of other species is also edible, 
as D. virginiana (United States) and D. Lotus, the Date-plum of 
the eastern Mediterranean region. 

There are five genera with 320 species; the family finds its 
chief development in India and the Malay Archipelago in the 
two genera Diospyros and Maba with more than 200 species. 
Royerui (20 species) and Euclea (17 species) are exclusively 
African, and Tetraclis is a monotypic genus from Madagascar. 
Both Diospyros and Maba are widely spread in the warmer parts 
of the world. 

Ebenaceae are most nearly allied to Styracaeeae but are distin¬ 
guished by the septate ovary and generally unisexual flowers. 
From Sapotaceae they are distinguished by absence of latex and 
the presence of two ovules (each with two integuments) in each 
carpel. 


Familv III. JSTYRACACEAE 

Flowers bisexual, regular, generally conforming to the formula 
S (5-4), P (5-4), A (10-8), G (3-5). Calyx tubular, with segments 
generally reduced to short or inconspicuous teeth, and petals free 
nearly to the base with imbricate or valvate aestivation. Stamens 
in one series but rarely isomerous with the petals, epipetalous. 
very rarely free from the petals; filaments united below; anthers 
generally dehiscing by lateral slits. Ovary superior or slightly 
inferior, rarely almost completely inferior ( Halesia , Pterostyrax), 
generally three- to five-chambered in the lower part only, uni- 
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locular above; ovules anatropous, with one or two integument 
pendulous or erect, one to few in each chamber. Style cylindn 
or filiform, with a capitate or inconspicuously two- to tne-lobcd 
stigma. Fruit generally a drupe, with a fleshy or dry i>ericarp 
often splitting by three valves; seeds one to few, with a thin or 
leathery coa^and a broad hilum. Embryo generally straight in 

the axis of the endosperm. 

Trees or shrubs, with alternate simple, entire or serrate mem¬ 
branous or leathery leaves; and small or moderate-sizedi H<mers, 
generally arranged in simple or compound racemose inflorescences, 

hraoteoles small or absent. 

b In the majority of the members of the family the stem, leaves 
inflorescence, and the outside of the calyx and corolla are coiered 

with yellowish or brownish stellate hairs. . 

There are eight genera, with about 120 spec.es, of wh.ch 10O 
belong to Styrax, the greater number in the warmer part*> o 
America extending northwards into the 

others are found in tropical Asia and northwards to China a d 
Janan Two small genera occur in west tropical Africa. The family 
does not occui ^Australasia. A,mx officinalis (Mediterranean 
region) yielded the Stvrax of the Ancients Styrax Benzoin is the 
source of gum-benzoin, a fragrant resin which exudes from cuts 
in the bark; it is a native of Sumatra. 


Family IV. SYMPLOCACEAE 

Contains one genus. Symptoms, included by Bentham and 
Hooker in Styracaceae, from which however it is distinguished >) 
“ wenor, completely septate ovary, yielding a drupaceous frud 
which is crowned by the [icrsistent calyx-teeth. The flowers arc 
typically nentan.erois; the number of petals is however very varied 

centre is in tropical America, one species, S. g 

into North America. They are absent from Africa , ti o species 

are found in Australia and as many as 13 are endemic 
Caledonia. 
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B. TETRACYCLICAE 

Flowers with four whorls, that is with only one whorl of 
stamens which alternates with the petals; the carpels when 
equal in number with the stamens alternate with them, but 
in the great majority of families the number is reduced to 
two. The flowers are regular or zygomorphic; with few 
exceptions the petals are united and the stamens spring 
from the corolla-tube. The ovule has rarely more than one 
integument. 

(a) Superae 

Flowers with a superior ovary (in a few families there is 
a tendency to epigyny); regular, with generally isomerous 
stamens, as in Contortae and Convolvulales; or, as in Tubi- 
florae, regular or zygomorphic, in the latter case with 
reduction in the number of stamens. In the first order, 
Oleales, the petals are often free, and in the family Salva- 
doraceae the ovule has two integuments. 

Five orders: Oleales, Contortae, Convolvulales, Tubiflorae, 
Plantaginales. 

Order 1. OLEALES 

Flowers bisexual or unisexual by abortion; regular, gener¬ 
ally tetrainerous, with united or sometimes free petals, and 
stamens generally reduced to two. Ovary superior, of two 
united carpels, bilocular with one or two pendulous or basal 
anatropous ovules with one or two (Salvadoraceae) integu¬ 
ments. 

Woody plants with opposite simple or pinnately compound 
leaves ; stipules absent or small (Salvadoraceae); flowers often 
small in racemose inflorescences. 

The families of this order are included in the next in the 
Systems of Bent ham and Hooker, and of Engler, the joint 
orders being termed Gentianales and Contortae in the 
respective Systems. But, as Wettstein points out, there are 
essential differences between the two families Oleaceae and 
Salvadoraceae (Oleales) on the one hand and the families 
included here in the Contortae on the other; such are the 
placentation of the ovules, the absence of internal phloem 
in Oleales, the dimerous androecium in Oleaceae which 
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constitutes by far the greater part of the order (an advanced 
character which is associated with the apparently primitive 
character of frequent polypetaly) and (in Salvadoraceae) 
an ovule with two integuments. The frequent presence of 
compound leaves (in Oleaceae), an exceptional character in 
sympetalous families, is also worthy of note. It is difficult 
to suggest a point of origin for the Oleales; \\ ettstein 
derives them from Celastrales, which are woody plants with 
simple or pinnately compound (Staphyleaceae) leaves, 
tetracyclic flowers with generally isomerous stamens, and o\ arv- 
chambers containing one or two pendulous or erect ovules; 
indications of sympetaly also occur. 

Family I. OLEACEAE 

Flowers bisexual, rarely unisexual, regular, conforming to 
or derived from the formula S4(or 5), P4(or 5), A2, G(2). 
Calyx small, rarely absent; petals united, sometimes free or 
absent, aestivation imbricate or valvate, rarely contorted; 
stamens epipetalous. Ovary bilocular with generally two 
pendulous or ascending anatropous ovules in each chamber, 
style simple, stigma bilobed. Fruit various, containing one or 
a few seeds. Endosperm present or absent; embryo straight. 

Woody plants with generally opposite simple or impan- 
pinnate leaves without stipules, and terminal or axillary 

compound racemose inflorescences. 

Genera 22; species about 400. Temperate, subtropical and 

tropical regions. 

The plants are shrubs, as Syringa (Lilac) and Ligustrum 
(Privet); sometimes climbing as Jasminum , or trees, as 
Olea (Olive) or Fraxinus (Ash). Several buds are sometimes 
found one above the other in a single leaf-axil (accessory 
buds) in floral as well as in vegetative shoots, as in Syringa 
and Fraxinus. 

The scales of the winter-buds, where these are found, 
represent the whole leaf, as in Syringa, or the leaf-base only, 
as in Fraxinus\ in Syringa additional protection is afforded 
by a resinous excretion. 

Extrafloral nectaries are described in various species. 
Peltate hairs are very common in the family, as is also the 
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occurrence of small crystals of calcium oxalate. The flowers 
are small, generally in a compound raceme as in Syringa , 
Ligustrum, Fraxinus ; in Fraxinus the dense inflorescences of 
small polygamous flowers appear before the leaves from 
lateral or terminal buds on last year’s shoots. In the Chinese 
genus Forsytliia , cultivated in shrubberies, and in Jasminum 
nudiflorum (China), common in gardens, the bright yellow 
flowers, which also appear before the leaves, stand one to 
three together at the end of short scale-bearing shoots. Each 



* Ir '" W*-*- A. Corolla with stAmcns opened out, x5. 

u ,, , D. Calyx and ovary in vertical section, x8. E. Drupe, 

the fleshy coat partly cut away to shew the stone, slightly reduced. F. Seed, 
slightly enlarged, in vertical section. C. Floral diagram of Ttssaramlra 
Jhimt iich.ua. G-I. Fraxinus excelsior. G. Bisexual flower, enlarged. 
M. . Dinara, with half removed and the seed pulled out. The seed is borne 
( . >n * 10 j P aeen * a ! ax * s > °n the top of which are seen the aborted ovules, a. 

1. .Seed in vertical section, x about l|; r, chalaza; r. raphe; /, funicle: 

c. embryo emliedded m endosjierm. (A, D-F after Knoblauch; B, C after 
hiehler.) 

flower stands in t he axil of a bract and a pair of bracteoles are 
t \ pically present; but both bracts and bracteoles are often very 
caducous. Hie flowers are generally bisexual, but Fraxinus 
,s polygamous or dioecious, as also are species of Olea. 

1 lie calyx is absent in Fraxinus excelsior (fig. 216 , G) and 
other species of the genus; when present it is usually tetra- 
nierous, the sepals being median and transverse; when a fifth 
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sepal is present, as in species of Jasminum , it is either anterior 
or posterior; the aestivation is valvate. The petals are isomerous 
and alternate with the sepals; aestivation may be valvate 
(Syringa) or imbricate (Jasminum)] in Fraxinus the petals are 
free or united in pairs by the insertion of the stamens at their 
base. Sections of Fraxinus and Olea are characterised by 
apetaly, as, for instance, in F. excelsior. Occasionally more than 
five sepals and petals are present, as in J asm inum(J. nudiflorum 
has six); the number rarely exceeds six. The most general 



Fio. 217. A-C. Jasminum A. ^ 

- h "' 

form of corolla is a tube with more or less spreading limbs 
(Syringa, Ligustrum, Olea, Jasminum). The tw° .U,mens are 
generally transverse, but sometimes median (fig. - . »). hot 

positions are found in the same genus; occasionally there are 
four, as in the monotypic American genera Hesperella and 
Tessarandra (fig. 216,0, where they alternate with the petals 
three or five may also occur. The anthers dehisce laterally 
by a longitudinal slit. The two carpels alternate with the 
stamens and are therefore usually median; a three- or four- 
chambered ovary sometimes occurs. There are generally two 
ovules in each chamber, pendulous or ascending from the 
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axile placenta; sometimes only one is present, while in 
Forsythia and other genera there are from four to ten. 

Many species are visited by insects, which are attracted 
by the colour and smell of the flower and presence of nectar, 
and various adaptations occur favourable to cross-pollination. 
Thus long- and short-styled flowers are known in species of 
Jasminum and in Forsythia. Both Lilac and Privet are homo- 
gamous and, in the absence of insect-visits; self-pollinated. 
Ash is wind-pollinated. In Fraxinus the fruit is a dry, inde- 
hiscent one-seeded (rarely two-seeded) samara, only one 
(or two) of the four ovules developing to seed. In Forsythia 
and Syringa it is a few-seeded capsule dehiscing loculicidally 
into two valves; in Olea a drupe with a thick mostly one- 
seeded endocarp; in Liqustrum a few-seeded berry; in Jas¬ 
minum a berry which is often divided into two one-seeded 
lobes by a vertical constriction (fig. 217, D). Endosperm 
when present is oily. 

The greater number of species are found in the Indo-Malayan 
and (’hinese-Japanese areas. Six genera (13 species) are European, 
namely, Fraxinus , Syringa, Phillyrea (South), Ligustrum (one 
species), Forsythia (one species in the Balkan peninsula) and 
Jasminum (one species in the Mediterranean region). Fraxinus 
excelsior (Ash) and Ligustrum vulgare (Privet) are British. Olive 
(Olea europaea), the most important member of the family, an 
evergreen tree which reaches a great age, is a native of Western 
Asia, whence it was introduced into Southern Europe before the 
Christian era; olive oil is expressed from the fleshy drupe. 

The family is divided into two subfamilies and three tribes 
depending on the nature of the fruit and position of the seed. 

Subfamily I. Oleoideae. Seeds pendulous; fruits not vertically 

constricted. 

Tribe 1. Fraxineae. Fruit a samara. Fraxinus, 60 species chiefly 
in North America, Eastern Asia and South Europe. F. Omits 
(Manna Ash), a native of South Europe, is a small tree with 
whitish flowers, which yields a sweet exudation from cuts 
in the bark. 

Tribe 2. Syringeae. Fruit a loculicidal capsule. Syringa, 
20 species, Europe and Asia; N. vulgaris is the Lilac. Forsythia, 
several species in E. Asia, one in the Balkan Peninsula. 

Tribe 3. Oleeae. Fruit a drupe or berry. Olea, 35 species, mainly 
in South Africa, India, Australia and Polynesia. Ligustrum, 
50 species in Europe, Asia and Australia.* 
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Subfamily II. Jasminoideae. Seeds generally erect; fruits 
divided into two parts by a vertical constriction except when 
one carpel fails to develop. Jasminum, 200 species chiefly in 
the warmer parts of the western hemisphere. 

Family II. SALVADORACEAE 

A small family of woody plants with nine species contained in 
three genera in the tropical regions of Asia and Africa. The sma 
bisexual or unisexual flowers are 4- or 5- merous, with two carpels 
forming a one- or two-chambered ovary, each chamber containing 
one or two erect anatropous ovules. The petals are free or unite , 
the stamens hypogynous or epipetalous and the ovule has two 
integuments. The fruit is a berry or drupe, generally one-seeded, 
and the seed is without endosperm. 

The plants are shrubs or trees with opposite entire lea\es \u 
very small stipules and racemes or spikes of small flowers. 

A family of doubtful affinity placed by Baillon, followed recently 
by Engler, among the Dialypetalae near Celastraceae owing to 
the free petals and hypogynous stamens in two out of t u t me 
genera and ovule with two integuments. Among sympttaous 
families it is most nearly allied to Oleaceae, in which free petals 
occasionally occur ( Fraxinus ). and the two families are regan e< 
by Wettstein as representing an ordor derived from the ( elastra es, 
which are woody plants with a haplostemonous flower, a frequen ly 
bilocular ovary with a single anatropous pendulous or erect ovule, 
occasionally with only one integument, and a tendency to union 

of the petals. 

Order 2. CONTORTAE 

Flowers bisexual, regular, hypogynous, gamopetalous, con¬ 
forming to the formula S4 to 5, P4 to 5, A4 to 5, G2. Coro a- 
segments usually with twisted aestivation. Stamens e P 1 ' 
petalous; a nectar-secreting disc generally round the baM o 
the ovary. Carpels united, or free below with united styles; 
ovules few or numerous on parietal or axile placentas, wit 
one integument; embryo usually surrounded by more or 
less endosperm. Herbs, shrubs or trees with genera \ 
opposite, exstipulate, often simple leaves. An important 
anatomical character is the presence of internal phloem. 

Of the four families Loganiaceae and Gentianaceae stand 
somewhat apart from the Apocynaceae and Aselepiadaceat, 
which are very closely allied and shew a remarkable spttiu 
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isation of androecium and stigma in relation to insect- 
pollination. 

Wettstein suggests a common origin for this order and the 
Tubiflorae, regarding them as somewhat parallel series, 
adaptation to insect-pollination having progressed in the one 
in association with a regular flower, in the other with the 
development of zygomorphy. Hallier goes further and com¬ 
bines the two orders under the name Tubiflorae and seeks 
their origin in the Linaceae among Dialypetalae. Wettstein, 
on the other hand, would derive the two orders from Rosales. 

A. Stamens four to five; carpels completely united, style not 
expanded above; fruit a capsule, berry or drupe; endosperm 
copious, embryo small. Laticiferous tubes absent. 

Generally woody plants, stipules obvious or reduced, ovary 
bilocular ... ... ... ... I. Loganiaceae. 

Herbs with exstipulate leaves, ovary typically unilocular 
with parietal placentation ... II. Gentianaceae. 

B. Stamens five; carpels generally united only by the styles; 
style swollen into a stigma-head which bears the stigmatic 
surface below the apex; fruit generally a pair of follicles; 
embryo large. Laticiferous tubes present. 

Pollen transferred directly from the anthers 

III. Apocynaceae. 

Pollen transferred by means of specialised translators 

IV. Asclepiadaceae. 

Family I. LOGANIACEAE 

Flowers usually bisexual, regular, 4- or 5-merous (with rare 
pleiomery in corolla and androecium). Calyx-segments imbricate; 
corolla gamopetalous, segments valvate, imbricate or contorted. 
Stamens as many as the corolla-segments, inserted at the mouth 
of the corolla or on the tube; disc absent or small. Carpels two, 
completely united; ovary superior, generally completely bilocular; 
style usually simple with capitate or bilobed stigma; ovules 
usually indefinite, amphitropous or anatropous. Fruit a capsule, 
berry or drupe; seeds with endosperm. 

Herbs, shrubs or trees with simple opposite stipulate leaves, 
and generally cymose inflorescence. Latex absent. 

Genera 33; species about 600. Mostly tropical. 
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Many are woody climbing plants (Hanes), either twm.ng^as 

leaf is reduced to a scale. In oth l straight or curved 

or terminal shoots become stra.g ^ ^ ^ 

sp^cu^us^^nter^tiohir Structures' or reduced ^ \[" e 



1 4 f f nn( | inrtoresccnce. x ?. B. Flower, x 6, 

^CWS^I-S^SSS section, x 8. 1). Fruit d-Uiscing, » 4, E. S~d. 
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x2 ~ 4 . , rwtain anatomical characters are constant 

originally P rotect ^- The larger subfamily Loganioideae is 

in larger or smaller g 1 • ... p h| oe m and absence of 

characterised by P^ence f Buddhdoideae by absence of 
glandular hairs, and th^smal.er ^ ^ Laticiferous 

internal phloem ai 1 8 d few a Hied genera are 

tissue is always absent ^ Jn the woo d (phloem- 

characterised by isola ^ ^ shews various degrees of 

KSes are generally present and 
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dichasial or monochasial developments according as branching 
occurs in both bracteoles or in one only. Sepals, petals and 
stamens generally follow in regularly alternating 4- or 5-merous 
whorls, pleiomery of petals and stamens (6-16 members) occurs 
in two small genera; the aestivation of the corolla-segments 
affords good tribal characters. The mouth of the corolla-tube 
often bears a crown of unicellular hairs. The anthers dehisce by 
two longitudinal slits. The two carpels are generally median; 
rarely oblique or transverse. In some species of Strychnos the 
ovary is unilocular, and in Fagraea it is more or less completely 
bilocular; but in the great majority it is completely bilocular. 

The dehiscence of the capsular fruit is generally septicidal, the 
valves breaking away from the central placenta. The berry of 
Strychnos may reach a considerable size. 

The seeds are generally small and flattened or ellipsoidal; in 
the dry fruits they are often winged. In Strychnos they attain a 
considerable size, and are disc-like with a central hilum; the 
seed-coat contains powerful alkaloids (strychnine, brucine). The 
endosperm, which is present in greater or less quantity, is fleshy 
or cartilaginous, and contains oil and proteid. The embryo is 
straight; Strychnos has leaf-like cotyledons. 

The family is poorly represented outside the tropics; Gelsemium 
extends to North America and China; Logania and two other 
genera occur in New Zealand. Strychnos (about 150 species) and 
Buddleia (100 species) are generally distributed in the tropics, and 
the other genera have restricted areas, mainly tropical. 

There are two well-marked subfamilies. 

I. Loganioideae. Internal phloem and no gland-hairs; leaves 
entire; flowers 4- or 5-merous. The 21 genera are subdivided 
into six tribes, chiefly according to the nature of the fruit, and 
the aestivation of the corolla. Chief genera: Gelsemium, two 
species: G. sempervirens, a twining shrub with axillary yellow 
funnel-shaped flowers, a native of the South Atlantic United 
States, contains the alkaloid gelsemin in its rootstock; Logania, 
21 species; Strychnos, 150 species; Spigelia, 30 species, American; 
Fagraea (30 species. Indo-Malaya to Pacific Islands and 
Australia) has large flowers. 

II . Buddleioi deae. No internal phloem, gland-hairs present; leaves 
generally toothed or lobed and the stipules generally reduced 
to a line connecting the leaf-bases; flowers generally tetramerous. 
10 genera. Nxixia (30 species, Africa, Madagascar and Mascarene 
Islands); Buddleia (fig. 218) (100 species). 

The seeds of the tree Strychnos Nux-vomica (tropical India 
and Malaya), yield the alkaloids strychnine and brucine. The 
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the Ignatius^^mlT^re us^ in various parts of the world for 
rtSc^land poisonous 

elsewhere. Several species of Buddlexa are grown 

the superior °™ r > * fetioT ovaries in each family (e g. 
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“suggest an affinity with Somphulariaceae. 

Family II. GENTIANACEAE 

Flowers bisexual, regular, generally 4- to Serous _with 

x nUtil Calvx variously divided, 

HSrEt ^ s 5 

■s rsc: ssraMt r 

ssrsr: 

sept i^c id silly hi to two valves. Seeds small and numerous, testa 

-re^uT”’ ^rTbeXw-h opposite entire 
„ v <stinulate leaves and cymose flowers. 

exstipuiarc xv* - Distribution world-wide, 

Genera 70; species about 800. Distnouu > 

but mainly temperate. 

The plants are herbs', either annual, or perenma by an 
underground rhizome, rarely shrubs. They generally grow 
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erect and have a marked dichotomous branching; the Asiatic 
Crawfurdia has a climbing stem. Others are low-growing 
and caespitose, often forming large clusters, as in the alpine 
Gentians. 

The leaves are opposite and decussate, except in Meny- 
anthes and a few allied aquatic or marsh genera, where they 
are radical or alternate. 

A saprophytic habit has originated in several parts of the 
family in single or small groups of closely allied genera, 
chiefly American, but also Asiatic and African. The plants 
are small, slender, low-growing herbs containing little or no 
chlorophyll with leaves reduced to scales. Voyria, with 



Fio. 219. Gentiana acaulis. A. Flower in longitudinal section. B. Floral diagram 
(of G. vema). C. Fruit. I). Seed, enlarged. (After Le Maout and Decaisne; 
B after Eichlor.) 

brilliant-coloured scale-leaves, has three species in Guiana, 
and the nearly allied Leiphaimos (fig. 220) 20 species, chiefly in 
the tropical forests of America and the West Indies, with two 
in tropical Africa. Cotylanthera is Asiatic, while Bartonia and 
Obolaria, both of which contain chlorophyll, are Atlantic 
North American. 

Menyanthes and the allied genera with alternate leaves 
have been separated under the name Menyanthoideae as a 
distinct subfamily from the rest of the genera, Gentianoideae, 
and anatomical characters support this distinction, the 
Gentianoideae having bicollateral bundles in the stem, while 
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in Menyanthoideae they are collateral; in the latter also inter 
cellular hairs occur comparable with those in Nymphaeaceae. 

The inflorescence is generally cymose, often dichasial, 
resembling that of Caryophyllaceae, the lateral branches 
frequently passing into monochasia; sometimes it is reduced 
to a few flowers or a single axillary or terminal one, as in 
some Gentians; true spikes or racemes are rare. Bracts and 
bracteoles may be present or absent. There are rarely more 
than four or five members in each whorl; Blackstoma ( Chlora) 
(Yellow Wort) has six to eight. The calyx is sometimes divided 
almost to the base, generally however it forms a tube with 
teeth or segments which are imbricate in the bud, more 
rarely valvate or open. The corolla shews great variety in 
form; for instance among mu' British genera it is rotate in 
Blackstonia, salver-shaped in Cicendia, funnel-shaped in 
Erythraea, and rotate-cylindrical, bell-shaped, funnel-shaped 
or salver-shaped in Gentiana (fig. 219). In the subfamily 
Gentianoideae, which includes the great majority of the 
genera, the corolla-lobes are with few exceptions twisted to 
the right in the bud, in the Menyanthoideae they are in- 
duplicate and valvate. The throat is often fimbriate or scaly, 
and in Swertia nectar-secreting pits, often with fringed 
margins, are found near the base of the segments. 

The stamens, which are generally equal in length, are 
inserted at very different heights on the corolla-tube; the 
filaments are slender, rarely broadening at the base. -The 
anthers are most frequently dorsally attached and versatile, 
sometimes basifixed; Exacum (tropical Asia) is exceptional 
in having dehiscence by two apical pores; after escape of the 
pollen they may become spirally twisted (as in Erythraea ); 
in a few genera they bear glandular structures; occasionally, 
as in many species of the saprophytic genera Leiphahnos 
and Voyria they unite laterally, forming a tube. Dimorphic 
flowers are frequent, as in the Bog-bean (Menyanthes). and 
pleomorphy occurs in the monotypic Brazilian genus Hock- 
inia. There is considerable variation in the size and shape of 


the pollen-grain, the sculpture of its extine and the numbei 
and position of the germ-pores, and the division of the family 
into tribes and subtribes by Gilg, in the PJtanzenfarmhen , is 
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based primarily on pollen-characters. There is also much 
variety in the form of the nectar-secreting disc-developments, 
which are usually situated at the base of the ovary; in the 
length of the style, which may conspicuously exceed the 
corolla or be altogether absent; and the stigma may be 
entire with great diversity of form, or more or less variously 
bilobed. Characters derived from the stigma are largely used 
by Bentham and Hooker for the discrimination of genera. 

The two carpels have generally a median, more rarely a 
transverse position; there is great variety in the development 
of the parietal placentas, which are very slightly developed 
or protrude so far as to meet in the centre and form an axile 
structure, the ovary becoming bilocular, a characteristic of 
the tribe Exaceae ; occasionally it grows out again to form an 
apparently 4-locular ovary. The ovules have a very short 
funicle and are often sunk in the tissue of the placenta. 
Rarely, as in Pleurogyne, more or less of the inner surface of 
the carpels is ovule-bearing (superficial placentation). 

The flowers shew many adaptations for pollination by 
insect-visits; such are the brilliant colour and the association 
of the plants in large numbers, as in the alpine Gentians ; the 
presence of nectaries at the base of the calyx, on the corolla, 
or very generally at the base of the ovary, and the frequency 
of dimorphy, proterandry and proterogyny. In Gentiana the 
flowers are adapted to very different types of visitor— G. 
lutca with a rotate corolla, yellow in colour, and the nectar 
freely exposed, is adapted to short-tongued insect-visitors; 
G. Pne.umonanthe has a bright blue corolla with a long tube 
and is visited by humble-bees; G. verna has a still longer and 
narrower tube and is visited by Lepidoptera. 

The numerous small seeds are borne on the incurved edges 
of the pair of valves resulting from the septicidal dehiscence 
of the capsule; in the Menyanthoideae the dehiscence is more 
or less irregular. The seeds are variously shaped, with a 
smooth, ribbed, warty, reticulately or variously marked 
testa. Investigation of some saprophytic species reveals 
marked exceptions to the copious endosperm and small 
embryo w hich characterise the family; in Leipliaimos (fig. 220) 
the ovules are straight and naked, many remain sterile, and 
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the fertile develop seeds which contain only a few endosperm 
cells and an undifferentiated embryo consisting of a row of 
cells (1-4). Guerin has observed the frequent occurrence of 
numerous antipodal cells in the embryo-sac. 



Flu. 220. Leiphainut. aphplU,. A. Plant 

x 45. (A, C f D, F, G after Flor. Bras, and Gilg.) 


30-2 
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The family has a world-wide distribution, and representatives 
adapted to very various conditions; for instance, among our 
British species dry sand-loving plants, as Cicendia jiliformis 
(rare in Britain),'' marsh-plants, as Menyanthes (Bog-bean), 
floating water-plants, as Limnanthemum peltatum, grass-land 
plants, as BJackstonia ( Chlora) perfoliata or Erythraea Centaurium, 
or alpines, as Gentiana. The largest genus Gentiana (400 species) 
is distributed over the whole of Europe (including arctic but 
excluding South Italy and Greece), the mountains of Asia, 
South-east Australia and New Zealand, the whole of North 
America and along the Andes to Cape Horn; it is absent from 
Africa. Some genera, on the other hand, have a remarkably local 
distribution; several, for instance, are confined to limited areas 
in tropical America. 

The family falls naturally into two subfamilies. 

I. Gentianoideae. Leaves opposite and decussate; corolla-lobes 
twisted in bud. 65 genera. 

II. Menyanthoideae. Leaves alternate; corolla-lobes in¬ 
duplicate and valvate in bud. Five genera of aquatic or marsh 
plants. 

The Gentianoideae are variously subdivided into tribes by 
characters based on the length of style, the size and importance, 
of the placentas in the subdivision of the ovary, the development 
of the anther-connective, and, in more recent arrangements, the 
nature of the pollen. 

The very general presence of bitter principles in all the vege¬ 
tative parts, especially in the rhizomes and roots, has given a 
medicinal value to many species, as Gentiana lutea (and other 
species) and Menyanthes trifoliolata. 

Gentianaceae are allied to Loganiaceae, from which they differ 
in their usually unilocular ovary with parietal placentation, their 
exstipulate leaves, and the presence of a bitter principle. 

Family III. APOCYNACEAE 

Flowers bisexual, regular, generally pentamerous (some¬ 
times tetramerous) with reduction to two in the pistil. Calyx 
generally divided almost to the base, segments with quin- 
cuncial arrangement. Corolla generally salver- or funnel- 
shaped, aestivation of the segments contorted, the throat or 
interior of the tube often with hairs, scales or other out¬ 
growths. Stamens on the tube or throat of the corolla and 
alternate with its segments; filaments short, anthers introrse. 
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free or connate and often adhering to the stigma, the cells 
sometimes empty below and prolonged into spines; pollen 
granular; disc rarely absent, entire or lobed or of 2-5 scales. 
Carpels rarely exceeding two. free or connate; superior or 
sometimes partly inferior (as in Plurniera ); style simple, 
often with a thickened stigma-head; ovules x , anatropous. 
generally pendulous. Fruit various; seeds often flat, winged 
or comose; endosperm cartilaginous or fleshy, sometimes 
absent. 

Generally woody climbers, more rarely erect, or rarely 
perennial herbs; latex present in unsegmented tubes; stem- 
bundles bicollateral. Leaves simple, usually opposite, more 
rarely whorled or alternate, entire, rarely with small inter- 
petiolar stipules. Flowers solitary or in racemose inflorescences 
passing into cymose; bracts and bracteoles present. 

Genera 155; species about 1000. Mainly in the warmer 
parts of the world. 

The perennial herbaceous or suffruticose habit of our 
British representative Vinca (Periwinkle) obtains only in a 
few genera; erect shrubs and trees are not very numerous, 
such are the Oleander ( Nerium ), a large shrub of the Medi¬ 
terranean region growing on riverbanks, or the east Asiatic 
Alstonia, which comprises shrubs or trees reaching 100 ft. in 
height and with generally whorled leaves. In some genera 
the erect stem has a tendency to become succulent by 
development of a thick parenchymatous cortex; an extreme 
case is seen in Aclenium, a small genus from tropical Africa 
and Arabia, with a thick tuber-like stem with fleshy branches 
and spirally arranged more or less fleshy leaves. The com¬ 
monest type is the climbing shrub, many species forming 
lianes in the tropics of both hemispheres, having generally a 
twining stem, but occasionally, as in species of Landolphia 
and Clitandra, the stems of the inflorescences are more or less 
tendril-like. The flowers are very rarely solitary, as in Vinca, 
generally they are in several- or many-flowered inflorescences 
which correspond with the leaf-arrangement, being opposite- 
decussate when the leaves have the usual arrangement, or 
umbellate when, as in Alstonia, the leaves are whorled; in 
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the ultimate branches dichasial or monochasial cymes are 
developed. 

The arrangement of the sepals, which are often umted only 
at the base, is quincuncial, the odd member, the second in 
the order of development, being posterior. Gland-structures 
varying in form and number are frequently found at the base 
of the calyx. While the salver-shape (as Vinca) and funnel- 
shape (as Nerium) are the commonest forms of corolla, other 
shapes also occur, as for instance in AUamanda, a well-known 
greenhouse climber with handsome bell-shaped flowers. The 
hairy or other outgrowths frequently occurring at the throat 
or on the tube may be compared with the definite corona of 
the Asclepiads. The right or left direction of the twisting of 
the corolla-segments is constant in individual genera; a few 
genera are characterised by valvate aestivation. 

The position of the stamens, at the throat, or deeper in 
the corolla-tube, varies, but the filaments are always short, 
and the anthers as a rule included in the tube. Each half of 
the anther has two cells; the inner and outer cells are similar 
or the former are shorter than the latter which are more or 
less drawn out into tails empty of pollen and becoming 
thickened to form spine-like processes which may be com¬ 
pared with the more definite appendage in the Asclepiads. 
The pollen is generally of simple form, spherical with a fine 
granulation and three equatorial bands; in the genus Con- 
dylocarpus the grains remain united in tetrads. 

The nectar-secreting hypogynous disc shews great variation 
in form, passing from a bowl-shape through lobed structures 
to a gradual separation into five scales. Very rarely are there 
more than two carpels, a few genera having 3-5; they are most 
frequently free, passing above into a common simple style; 
where they arc united the ovary is one- or two-chambered. 
A characteristic of the family is the cylindrical, ellipsoidal, 
disc-like, or otherwise-shaped enlargement of the stigma-head 
with which the anthers are often closely related. The stigma, 
is often bilobed above but the receptive portion is below the 
division, on the median line or at the base of the head. 
Owing to the position of the anthers self-pollination is 
rendered almost impossible, and insect-visits, for which the 
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flower is eminently adapted, are necessitated (see Vinca 
minor, fig. 221). The generally numerous ovules are situate 
on parietal placentas or, in two-chambered ovaries, on t le 

partition wall. 

In the most common form of fruit each carpel ripens to a 
follicle dehiscing by the ventral suture to allow the escape o 
the seeds which are generally winged (fig. 222) or crow n 
with a tuft of hair ivhich assists distribution. 







m innr \ Flower in vertical section shewing the entire style 

FI0 ' “V'taTl- ati- U^diSF. h5 

Km? itsKf 

the tu collecting hairs as the proboscis is withdrawn; thus 

ZTe^ul XL 1 ScwnTtho‘drawing B Floral diagram;«/. pair of nectaries 

Apocarpous fruits are sometimes fleshy and indehiscent. or 
may be one-seeded, forming sometimes a pair of winged 
mericarps, as in the West Indian Camerana. Tile tropical 
South American genus Condylocarpus takes its.namei from 
the .separation of the ripe fruit into one-.seeded jo nte. In 
Rauvolfia, a large genus in the tropics of both Worlds, 

fruits are free or united at the base. 

In genera with a syncarpous ovary the fruit is genera y 
indehiscent, fleshy and berry-like, as in Landolpkta (a tropical 
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and South African rubber-yielding genus), where the fruit 
has a leathery exocarp enclosing an acid pulp derived from 
the hairy seed-coat. In Cerbera Manghas the fruit is dru¬ 
paceous, a fleshy exocarp surrounding a tough fibrous meso- 
carp and hard woody endocarp containing 1-2 seeds; it is 
adapted for transport by sea-currents, the fibre forming a 
float, as in the Coco-nut, and has a wide distribution, growing 
on the shores between the tides from Madagascar and further 
India to China, N.W. Australia and the Pacific Islands. 
Finally the syncarpous ovary may produce a two-valved 
capsule, as in Aspidosperma and Allamanda; in the latter it 
is prickly. 

The seeds in the dr}’ fruits are generally winged (as in 
Plumiera , Allamanda ) or bear a tuft of hairs, usually developed 
at the micropyle, but sometimes at the base of the seed 
(Kickxia), or sometimes, as in Slrophanthus, at both ends. 

The embryo has large cotyledons which are thin, and flat, 
or more or less bent or rolled and enveloped in a copious 
endosperm, or fleshy when the endosperm is absent. 

The great majority are tropical, the number of species being 
fairly divided between Old and New Worlds. A few genera are 
temperate, as Apocynum (five species from South Europe to 
< 'hina and the Eastern United States), Nerium (three species from 
the Mediterranean to Arabia, Persia and India) and Vinca (five 
species in Europe and Western Asia); in Vinca minor, our only 
British representative, the family reaches its most northerly 
limit in Europe. Representatives of the family are also found in 
New Zealand, at the Cape (as Landolphia capensis) and in tem¬ 
perate South America. 

The caoutchouc-containing latex renders many species of value 
% are Landolphia (Africa), Kickxia (Africa and 

tropical Asia) and others. The latex is frequently extremely 
poisonous. Seeds of species of Slrophanthus (Africa and Asia) 
yield a powerful drug. Some of the pulpy fruits are eaten. Many 
species are cultivated for their showy flowers; such are Allamanda, 
1 Hpladenia and Nerium (Oleander). 

In the exposition of the family by Schumann in the Pflanzen- 
farnilien two subfamilies are recognised, each containing about 
half the number of genera. 

I. Plumiekoideae. Stamens free or only slightly attached to the 

stigma-head; anthers generally without tails; seeds usually 
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without a coma; corolla-lobes often twisting to the left. In¬ 
cludes Plumiera (fig. 222) and 1 inca (fig. 221). 

II. Echitoideae. Stamens closely attached to the stigma-head; 
anthers tailed, and the outer cells empty at the base; seeds 
generally with a coma; corolla-lobes generally twisting to the 
right. 



Fits. 222. Plumiera rubra. A. Leaf. B. Inflorescence. <. Base of Houerin 
longitudinal section, x 12: note the half-inferior ovary; a, swo len rvcept w 
part of the stigma. 1). Fruit; the right-hand follicle is dehiscing the 
placenta faring the seeds projects through the separate! ventral >jj.i»o 
the carpel. The lower portion only of the left hand follicle is seen. h. W mg* <1 
Heed, nat. size. A, B, L) about jj nat. size. 


The Echitoideae shew in the anther-characters, the relation of 
the anthers to the stigma and other points, a strong affinity \wt t 
the next family Asclepiadaceae. 
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The subfamilies are subdivided into tribes based on characters 
derived from the greater or less union of the carpels, the number of 
the seeds, and the inclusion or not of the anthers in the corolla- 
tube. 


Family IV. ASCLEPIADACEAE 

Flowers bisexual, regular, conforming to the plan S5, P5, 
A5, G2. Calyx very deeply divided, arrangement quincuncial, 
with the odd sepal posterior. Corolla gamopetalous, often 
rotate, segments with contorted, more rarely valvate, aestiva¬ 
tion ; either corolla or stamens or both may bear appendages 
of various forms forming a single or double corona. Fila¬ 
ments of stamens very short or none; anthers generally very 
closely attached to the pistil forming a gynostegium, rarely 
free; pollen sometimes united in tetrads and granular, but 
generally the contents of each half-anther cohere in waxy 
pollinia; disc absent. Carpels superior, free, with numerous 
anatropous pendulous ovules on the ventral placentas; 
styles two, cohering above and dilating to form a flat five- 
angular or -lobed stigma-head, on the underside of which are 
five receptive surfaces. Fruit of two follicles; seeds generally 
bearing an apical tuft of hair; endosperm usually sparse, 
cartilaginous. 

Perennial erect herbs, or shrubby or woody climbers; 
rarely erect shrubs or trees; sometimes succulent. Leaves 
opposite-decussate, rarely whorled or alternate, simple, 
generally entire. Flowers cymose or racemose. 

Genera 280; species over 1800. Mainly tropical. 

As in Apocynaceae the common habit is that of the shrubby 
climber; perennial herbs also occur, especially in the dry 
districts of South and Central Africa, the plant persisting 
by an underground tuber-like rhizome; trees and large 
shrubs are rare. 

A succulent habit characterises some genera; Uoya , a 
well-known greenhouse plant, has fleshy stem and leaves; 
extreme cases are found in the South African Stapelia and 
allied genera which are eminently xerophytic plants with a 
Cactus-like habit, having thick fleshy stems and leaves 
reduced to thorns or scales. The Indo-Malayan Dischidia is 
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poiDhvtic climbing bv means of adventitious roots; the 
leaves are fleshy with a covering of wax; D. Raffles,ana has 
modified pitcher-leaves in which debris and water collect 
and into which an adventitious root-system grows 

Busich' finds endotrophic mycorrhiza to be of freqi 
occurrence in the roots, especially in succulent specie,. 

The Asclepiadaceae closely resemble Apocynaceae m ana¬ 
tomical characters, and have, like the latter, lat.cferou, tubes 

and bicollateral vascular bundles. 

There are two types of inflorescence. In o . 

in a flower, while branching occurs in the axils of t 
bracteoles producing a dichasial cyme; as n*nal one b anch 
grows more strongly than the other »nd m the ultimate 
branching the inflorescence becomes monochasia . The other 

tvne is racemose, either a raceme or umbel (fig. \\ to 

inflorescence is axillary there is usually only one at enc 
node, the other leaf remaining sterile or subtending a Mge- 
tative shoot. In some relatively large-leaved specie, «» 
Asdepios CornuH of gardens, the inflorescence arises. iiot . 
the leaf-axil but in the space between two leaves, and often 
at a higher level. This may be due to a sympodial de\c 1 

ment the inflorescence-axis being terminal, or to subsequent 
displacement and adhesion of the flowering axis to the shoo . 
The flowers are generally small; relatively large m Ceropeg , 

S 7hfp.:: d of:h"r is remarkably uniform, with t.wee 

the axis. The — is ^ » 

segments (rotate*** «**<^ ^ or the re markable 

s tf 'cero^a whieli arc often . go- 

morphic. Great variations occur in the for, ^ ^ 

like petaloid appendages springing f stamc ns 

stamens, or occasionally from the — 

I Vtrh. ZooL Bot. OcseU. Wien, lx.h, 24(MH (1913). 



476 


FLOWERING PLANTS 


or even beaked; the receptive surfaces are on the edge or 
under side. 

The anthers are united laterally to form a five-sided blunt 
cone which, except in the subfamily Periplocoideae, is 
attached on the inside to the stigma-head; this union of 
anthers and pistil forms the gynostegium. As in Apocynaceae 
we may distinguish two subfamilies which differ in staminal 
characters, the Periplocoideae containing 46 closely allied 
genera, representing a less specialised type, with granular 
pollen associated in tetrads and stamens often stalked, and 
the Cynanchoideae comprising the rest of the family and 
representing a more specialised type with the pollen in each 
anther-half united into a single wax-like pollinium, and the 
anthers almost or quite sessile. 

The most marked distinction between Asclepiadaceae and 
Apocynaceae is the presence in the former of the so-called 
translator by aid of which the pollen is transferred. In the 
simpler group (Periplocoideae) it consists of a somewhat 
spoon- or funnel-shaped structure between each anther, 
ending below in a sticky disc. The granular pollen from one 
half of each of the two adjacent anthers is poured into its 
concave receptacle. In the more elaborate typical members, 
the translator consists of two parts, the corpusculum which 
is attached to the margin of the stigma-head between the 
anthers, and a pair of arms by which the corpusculum is 
attached to the pollinia of the adjacent anther-halves. The 
length and form of the arms vary widely, affording charac¬ 
ters for the distinction of genera. 

Pollination in the simpler group recalls that of the 
Ophrijdcae among the orchids; in the male stage of the flower 
the sticky basal disc is turned outwards and will adhere to 
the head of an insect-visitor, which on retiring will carry off 
the whole translator with its pollen-contents, and on visiting 
another flower may deposit pollen-grains on the stigmatic 
surtaces on the underside of the stigma-head. In the Cynan¬ 
choideae an insect visiting the flower for nectar catches its 
leg in the slit left between the cells of adjacent anthers and 
in drawing it up comes in contact with the notched base of 
the corpusculum and drags the latter off, bearing with it the 
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pair of poUinia. The arms of the translator are hygroscopic, 
and as they dry bring the pollinia together, increasing the 
hold on the insect s leg. The stigmatic surface lies beneath 



Fie. 223. A«Up<» emamima. A. Flow'rinB tail I'.a. k. 

c, corolla: the coronul appemlnj.«., /• imn x appealing 

2EJZ S ZZtSi - -. 

ally to shew the embryo, x 2J. 

the anther-slit, so that in visiting a flower in the 

the act of catching the leg in the slit will 

to become attached to the receptive surface. 1 he corona 
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appendages are often associated with the secretion and 
storing of nectar (fig. 223). 

There is a great uniformity in the fruit, which consists 
of a pair of follicles containing numerous ovate-oblong to 
oblong seeds which with few exceptions are crowned by a 
tuft of hairs facilitating their dispersal by aid of air-currents. 

The family is almost exclusively tropical, only a few genera 
occurring in temperate regions. The Old World is richer in generic 
types, containing two-thirds of the total number of genera as 
against one-third in America. In the Old World the northern 
limit is represented in Vincelozicum , which reaches 61° latitude 
in Scandinavia; in North America Asdepias is Canadian, one 
species marking the northern limit at 54° latitude on the Sas¬ 
katchewan. In the southern hemisphere the family is sparingly 
represented in temperate South America and Australia, but South 
Africa is very rich, containing many genera and more than 400 
species. 

As already indicated there are two well-marked subfamilies. 

I. Periplocoideae. Pollen granular, in tetrads; translators 
spoon-shaped with a basal adhesive disc. 46 genera. 

II. Cynanchoideae. Pollen aggregated in two, or in Secamone 
four, wax-like pollinia; translators differentiated into a corpus- 
culum and a pair of arms. 230 genera. This is subdivided into 
tribes, according to the number or position of the pollinia with 
regard to the arms, as follows: 

Asdepiadeae. Pollinia pendulous on the arms. Asdepias (fig. 
223), Cynanchnm. 

Secamoneae. Pollinia four in each anther. Secamone. 

Tylophoreae. Pollinia erect. Ceropegia, Stapdia, Stephanoiis, 
Hoya. 

Gonolobeae. Pollinia horizontal. Gonolobus. 

Asclepiadaceae are closely related to Apocynaceae, the 
only important difference being the great specialisation in the 
stamens and pistil to ensure transference of the pollen in the 
Asclepiads. 


Order 3. COXVOLVULALES 

Family. CONVOLVULACEAE 

Flowers regular, bisexual, rarely dioecious by abortion, 
hypogynous, conforming to the formula S5, P5, A5, G(2). 
Sepals generally free, with quincuncial aestivation, the outer 
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often larger than the inner, persistent. Corolla gamopetalous. 
generally entire or slightly five-lobed, and .nduphcate- 
valvate and twisted in the bud. Stamens inserted on the 
base of the corolla-tube and alternating with the petals 
anthers two-celled, generally introrse, each ceU dehiscing by 
a longitudinal sUt; intrastaminal disc generally present and 
ring-or cup-shaped. Ovary supenor, rarely of three or fi 
carpels, syncarpous, with a broad base, 1 - 2 -locular, rarely 
3-locular (or by development of a spurious septum 4-locularb 
with two erect anatropous sessile ovules springing r 
inner angle of each chamber, the micropyle pointing down¬ 
wards; style generally simple, filiform or more or less bi¬ 
partite, or two distinct styles; stigma terminal and cap. aU 
or two distinct stigmas of various shape Fruit genera y 
capsule with loculicidal dehiscence, rarely indeb.sce.lt and 
fleshy or nut-like; seeds as many as the ovules or fewer, a. 
usually in the indehiscent fruit; endosperm cartilaginous^ 
surrounding the embryo whicl. has general y broad folded 
or bent, often emarginate or bilobed cotyledons, and 

radicle directed towards the hilum. 

Annual or perennial herbs, often twining, more rarely 
shrubby very rarely arborescent; leaves simple, alternate, 
exstipiate. Flowem often showy, solitary and axillary, or 
m feV to many-flowered axillary diet,as,a, braceo 
generally small. Important anatomical characters arc 
presence of latex and bicollateral vascular bundles 
P The family Convolvulaceae is generally included 

the next oier with which it shews many 
especially to the earlier families, but ,s distinguished by e 
nlacentation of the ovules and the presence of latex the 
Targe embryo with folded cotyledons is also a notable feature 

Wettstein suggests that the Convolvulales may have had 
a separate origin from the dialypetalous Dicotyledons near 
that which gave rise to the Tubiflorae, and regari s 

alhed phylogenetically to the ^'^“he"warmer 

Genera 47; species about 1100. Mainiy 

parts of the world. 

Cuscula (Dodder) is a genus of leafless parasites with 
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slender pink, yellow or whitish twining stems; the seeds 
germinate in the ground, producing a filiform leafless stem, 
the continued existence of which depends on its attachment 
to a host-plant, from which it henceforth derives nourish¬ 
ment by suckers; by withering at the base it loses all con¬ 
nection with the soil. 

The most highly developed members of the family are 
twining plants with generally cordate leaves, and large 
showy white or purplish flowers; such, for instance, are many 



Fits. 224. A. Flower of Calyslcgia sepium. B. Flower of Convolvulus Scammonia P 
opened out. O. Pistil of Calystegia sepium . D. Flower of Argyrcia pomacea> 
the corolla and stamens removed. E. Longitudinal section of pistil of 
Dichnndra . F. Same of Convolvulus. G. Ovarv of Contolvulus in transverse 
section. H. Capsule of Calyslcgia , with j)cn>istent bracts and sepals. One 
valve of the capsule turned back to shew one of the seeds. I. Seed of 
I'harbitis hispida , cut lengthwise shewing folded embryo. C—G and I 
enlarged. (A, C, H after Nees; 1), E after Peter; I after Wettstein.) 

species of the largest genus Ipomoea , and those of the allied 
genera Calomjction, Argyreia and others, or our native 
Calystegia sepium (Bindweed). But among the less highly 
developed groups of genera other types prevail. In the small 
tribe 1 iichondreae, the ovary of which recalls the more 
characteristic Boraginaceae in its ultimate division into two 
or four portions and its two distinct gynobasic styles (fig. 
224, E), the plants are small prostrate or creeping herbs with 
very small axillary solitary flowers. In the larger tribe 
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Dicranostyleae, in which the styles are more or less com¬ 
pletely distinct, the plants are generally low-growing or 
undershrubs with small flowers, solitary or in few-flowered 
cymes, as in the widely-spread Cressa creiica, or the common 
tropical weed Evolvulus alsinoides. Others of this tribe 
developed under desert conditions, such as Hildebrandtia, 
endemic in the arid regions of north-east tropical Africa, 
have a much-branched shrubby habit with the slender rigid 
woody branches often ending in spines and bearing the small 
leaves and small solitary flowers on short dwarf shoots. 
Another, Seddera (chiefly African and Arabian), comprises 
undershrubs with spreading rigid branches bearing small 
sessile or subsessile leaves, generally protected by hairs, and 
very small solitary flowers. To the same tribe belong a few 
small genera comprising high-climbing shrubs, nearly glabrous, 
with large elliptical leathery leaves and a densely hairy in¬ 
florescence of very small flowers arranged in racemes or 
panicles. Such are the tropical Old World NeuropelUs , and 
the tropical American Dicranostyles. Of similar habit are the 
Erycibeae, in which however the style is simple or suppressed; 
Humbertia from Madagascar is exceptional in forming a 

large tree. 

The two largest genera, Convolvulus and Ipomoea , repre- 
senting the tribes Convolvuleae and Ipomoeae, shew great 
variety in habit and include erect or prostrate herbs or 
undershrubs, sometimes annual but more often perennial 
from a tough woody rhizome by means of which, under 
desert conditions, the plant is enabled to persist from season 
to season. In Convolvulus Scammonia (Scammony) the 
rhizome is thick and tuberous. In Ipomoea Batatas (Sweet 
Potato) and others the lateral roots become fleshy. In the 
dry districts of the eastern Mediterranean area and Arabia, 
species of Convolvulus become spiny shrubs, with great 
reduction in the size of the leaves, or assume a broom-Uke 
habit. Under more favourable conditions long trailing leafy 
stems are developed, as in our common Small Bindweed 
(C. arvensis), which often tend more or less to climb and 
suggest the development of the climbing ui it " H< 1 
characterises higher members of the group, and is genera y 


K. 11. 


3 1 



FLOWERING PLANTS 


482 

associated with an increase in the size and number of the 
flowers. Another adaptation of the creeping stem is found 
in the sand-binders, such as our native Calysttgia SoldaneUa 

or the tropical Ipomoea pes-caprae (fig. 225). 

There is great diversity in the form of the leaves, which 
are generally stalked and without exception exstipulate. 
Scale-leaves are absent from the aerial shoot; this, like the 



Kic. 225. /ftomoen pu-raprae. A. Portion of plant. A nat. size. B. Lower part 
of (lower in longitudinal section, x3. C. Pollen-grain, x30. D. Fruit, 
,. u t open exposing the seeds. 1£ nat. size. E. Seed, x 3. F. Seed cut length¬ 
wise shewing curved embryo and endosperm. 

absence of stipules, whose function is frequently protective, 
is perhaps associated with the fact that the family is mainly 
tropical and subtropical, and those species which are exposed 
to rigorous conditions at certain seasons of the year remain 
dormant during the unfavourable period. The buds on sub¬ 
terranean shoots are protected by scale-leaves. The leaf- 
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margin is entire, often with a hastate or cordate base, or the 
blade is more or less deeply digitately or pinnately (Quamocht 
vulgaris) lobed. The shoots are glabrous, or variously covered 

with hairs. 

The flowers are solitary in the leaf-axils, with the two 
bracteoles scale-like and at some distance below the flower 
(Bindweed) or, as in Calystegia , large and enclosing the calyx; 
in Neuropeltis one of the bracteoles becomes much enlarged 
in fruit, forming a membranous wing to which the fruit is 
attached, and serving as a float. Generally branching occurs 
forming compound axillary dichasia, which may become 
capitate through suppression of the stalks of the second and 
following orders, as in Ipomoea pes-tigridis and others; in the 
higher branchings the inflorescence often becomes mono- 
chasial. By diminution of the foliage-leaves, in the axils of 
which the solitary flowers or dichasial inflorescences are 
borne a terminal raceme or raceme of dichasia may arise, 
a more or less complete separation occurring between the 
flowering and vegetative portions of the shoot. In the small 
tribes, Poraneae and Erycibeae, the members of which are 
chiefly shrubby climbers with large leathery leaves, the 

flowers are in true racemes or panicles. . 

The flowers are regularly pentamerous, with reduction to 
two in the gynoecium; in some species of Ipomoea there are 
three carpels and in the tropical Asiatic Erycibe the gynoe¬ 
cium is pentamerous; Hildebrandtia, an East African xero- 
phyte with small leaves and stiff thorn-like branches, is 
dioecious and has generally tetramerous calyx, corolla and 
androecium. The sepals, which are usually free, rarely more 
or less united, shew considerable variation in size, shape and 
covering, affording valuable systematic characters; they are 
smooth, warty or variously hairy, orbicular or more or less 
elongated, determining the shape of the bud, and the two 
or three outer ones are often strikingly larger than the inner, 
a difference which sometimes becomes exaggerated in the 

fruiting stage. . 

The corolla is somewhat uniform in shape, generally funnel- 

shaped, with entire or slightly lobed margin, more rarely 
bell-shaped or tubular ; a characteristic feature, variation in 
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details of which afford useful generic characters, is the more 
or less evident demarcation into longitudinal areas, five 
stronger areas tapering from base to apex, corresponding to 
the middle of the petals and characterised by well-marked 
longitudinal vascular bundles, alternating with five non- 
striated weaker triangular areas, which in the bud are folded 
inwards, the stronger areas only being exposed and shewing 
a twist to the right. The length of the slender filaments of 
the stamens varies widely, often in the same flower; the 

they are two- 

celled and dehisce more or less introrsely by longitudinal slits. 

In Convolvulaceae, as in some other families, considerable 
importance has been attached to the character of the pollen 
in the distinction of genera. Two principal forms are dis¬ 
tinguished, an ellipsoidal form with longitudinal bands, 
characteristic of Convolvulus and many other genera, forming 
the Convolvulus- type, and a spherical form with a spiny extine, 
characterising a smaller number of genera, including Ipomoea , 
and known as the Ipomoea- type. 

The two carpels are median. The ovary has often a dense 
covering of hairs; it is occasionally more or less unilocular, 
a median partition being however generally present in the 
lower part (as in Calystegia)\ generally a complete median 
wall is present; sometimes a secondary wall appears growing 
from the primary and making the ovary more or less com¬ 
pletely four-chambered. In most species of Pharbitis there are 
three chambers, but there may be three or two in the same 
species. In the typically bilocular ovary and in the trilocular 
there are two collateral anatropous ovules at the inner angle 
of each chamber, the micropyle pointing downwards and 
outwards; the ovules are solitary in the four-chambered 
ovaries; in the unilocular there are four or two. The shape of 
the stigma, which terminates the style or its branches, shews 
some variation, linear, capitate, globose, etc., affording useful 
systematic characters. Erycibe is exceptional in its sessile 
stigma. 

T he flowers, which are often large and generally brightly 
coloured, with red or violet, blue or white corollas, are visited 
by insects for the nectar excreted on the hypogynous disc. 


ovate to linear anthers are attached dorsally, 
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Species of Quamoclit and Ipomoea with narrow tubes are 
adapted for visits of nectar-seeking birds. Many of the 
large-flowered species (such as Ipomoea Batatas) have extra- 
floral nectaries on the leaf-stalk near the blade. Self-pollina¬ 
tion also occurs ; in Convolvulus arvensis flowers are produced 
late in the season which are short-styled and adapted for 
self-pollination. Cleistogamic flowers have been observed 
in Dichondra repens. In most species of the family the 
flowers remain open for one day only or for a few hours, after 
which the edges of the corolla roll up inwards, closing the 

tube with the ovary. 

The fruit is generally a four- or six-valved capsule, but 
sometimes dehisces irregularly from base or apex. It is 
rarely indehiscent with a membranous ( Porana ) or strongly 
lignified ( Maripa , Erycibe) pericarp, and the seeds generally 
reduced to one. In the typical dehiscent fruit all the ovules 
become seeds, each being shaped like the quadrant of a 
sphere, but one or more may abort, the remainder becoming 
ellipsoidal or spherical. The testa is generally smooth but 
sometimes warty or hairy (as in Ipomoea pes-caprae (fig. 22.>) 
and others); its character is of importance for distinction of 
species. Thus the section Eriospermum of Ipomoea takes its 

name from the long-haired seeds. 

The embryo of Cuscuta differs from that typical of the 
family in being filiform and spirally twisted with generally 
no trace of cotyledons; according to some observers there is 
a layer of nutrient tissue outside the true endosperm, derived 
from the nucellus (perisperm). 


The family occurs in all parts of the world except the coldest, 
and is especially numerous in tropical Asia and tropical America. 
Ipomoea , the largest genus, has about 400 species in the warmer 
parts of the earth; two only are found in Southern Europe . Con 
volvulus has 200 species in temperate, more rarely in tropical 
climates, and finds its principal development m the M^teiranea 
region and Western Asia; it is represented in Britain by the small 
Bindweed (C. arvensis). The large Bindweed. < ahjstegia septum, 
and C. Soklanella, a sandy seashore plant with procumbent stem, 
are distinguished from Convolvulus by the large bracteoles en¬ 
veloping the calyx. . . .. 

The Dodders, Cuscuta, of which there are 100 species in i 
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warmer and temperate regions, have been separated as a distinct 
family on account of their parasitic habit, imbricate corolla, more 
copious endosperm and filiform spiral embryo; their floral structure 
is however that of Convolvulaceae (fig. 226) and it is preferable to 
regard the genus as a reduced parasitic form of that family, a 
simplification of the embryo being commonly associated with a 
parasitic habit. Another point of interest in Cuscuta is the presence 
of a whorl of scales on the inside of the corolla-tube below the 



Fi°. 226. Cuscuta. A. C. monogyna, on a species of Salix. B. Floral diagram of 
( . cpithynuim. C. Fruit of C. reflexa covered above by the withered flower, 
'*• . corolla of C. Trifolii spread out; s, scale. E. Fruit of same, 

opi ning, b . heed of C europaea. G. Embryo of C. epilinum. I>-G enlarged. 

(A. E, * after Peter; B after Eichler; C after Hooker; D after Reichenbach; 
G after Nees.) 

stamens, structures which are more general in Hvdrophyllaceae 
and recall the well-known corona of the Boraginaceae. 

Convolvulaceae have much in common with Polemoniaceae— 
contorted aestivation, frequently the structure of the inflorescence, 
and occasionally a trimerous pistil—but are distinguished by 
habit, the definite number of ovules with basal placentation, 
the characteristic corolla, and also by the presence of latex. 
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They are also allied to Solanaceae and Boraginaceae; from the 
former they are distinguished by the definite number of ovules 
and the inferior micropyle towards which the radicle is directed; 
the position of micropyle and radicle distinguish them also from 
Boraginaceae; the latter family, and also Hydrophyllaceae, are 
further distinguished by their unilateral scorpioid inflorescence. 

Ipomoea Batatas is one of the most widely distributed food- 
plants in tropical and subtropical regions, the tuberous lateral 
roots, rich in starch and sugar, forming the Sweet Potato. The 
rootstock of Calystegia sepium is also cooked and eaten in New 
Zealand. Several species are used in medicine on account of the 
strong purging properties of the latex; Scammony is the dried 
latex from the rootstock of the oriental Convolvulus Scamrnoma, 
and Jalap is obtained from tho tubercles of Exogonium Purga , 
and derives its name from Jalapa in West Mexico, the home of 
the species. Ipomoea pes-caprae is planted on the Indian coast to 
bind the sand, and species of Ipomoea , Calystegia and Convolvulus 
are widely growm as ornamental plants. Convolvulus arvensis, a 
native of Europe and Western Asia and introduced elsewhere, 
is a pest in fields and gardens from its deep-growing branched 
rhizome. Many of the Dodders are the cause of much damage, 
from their parasitic habit; such are Cuscuta Trifolii on Clover, 
and C. epilinum on Flax. 


Order 4. TUBIFLORAE 

Flowers typically bisexual, regular or more often zygo- 
morphic, hypogynous, rarely epigynous, tetracyclic. Corolla 
rarely induplicate-valvate in bud. Stamens epipetalous, 
generally four, or two by reduction. Ovary usually bicar- 
pellary and two- to one-celled, rarely three- to five-carpellary 
with as many cells; ovules many to few in each cell, with 

typically marginal placentation. 

Generally herbs, but woody plants occur; with alternate 

or opposite, generally simple leaves. 

The Tubiflorae form a natural group illustrating the 
development, from a regular tetracyclic isostemonous flower, 
of a highly specialised zygomorphic type with reduction in 

the androecium to four or two members. 

Several lines of development may be traced from the regular 
isostemonous-flowered families. In Polemoniaceae the ten 
dency to zygomorphy is slight, the ovary is geneiallj tu 
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carpellary, but occasionally two or five carpels occur, with 
ovules numerous to solitary in each chamber; the position 
of the micropyle resembles that in Convolvulaceae. It is 
mainly an American family, especially Western American. 
Hydrophyllaceae recall Polemoniaceae in the plan of the 
regular flower, but the ovary is bicarpellary and bilocular, or 
unilocular from the failure of the large marginal placentas to 
unite in the centre; the number of ovules varies from numerous 
to two. On the other hand they approach Boraginaceae in the 
tendency to arrange the flowers in a scorpioid cyme, the 
frequent presence of a ring of scales on the corolla-tube and 
the position of the ovule with an upwardly-directed micro¬ 
pyle. It is a small family, widely distributed, but especially 
North American. In Boraginaceae there is a tendency to 
zygomorphic development of the corolla, but the chief point 
of interest is the great and constant reduction and specialisa¬ 
tion in the pistil; the originally bilocular ovary is divided 
by a later-formed partition into four one-ovuled portions, 
and in the minority of genera forms a four- to one-seeded 
drupe, but in the majority divides into four distinct one- 
seeded nutlets. 

The two closely allied families Verbenaceae and Labiatae 
illustrate the perfection of the zygomorphic type. The flower 
is, with few exceptions, zygomorphic. In Verbenaceae zygo- 
morphy does not extend to the calyx but the tubular corolla 
is generally more or less two-lipped; in Labiatae the calyx, 
though sometimes regular, is often markedly two-lipped, and 
the corolla is rarely regular but generally conspicuously two¬ 
lipped. The four stamens are generally didynamous and re¬ 
duction to two occurs. In Verbenaceae the two carpels (very 
rarely four or even five) unite to form an originally bilocular 
(very rarely 4- or 5-locular) ovary; each chamber has two 
ovules, and later is divided by a septum into one-ovuled 
chambers; the fruit is a chambered drupe or splits along 
the septa to form two-chambered or one-chambered meri- 
carps. The style is terminal or sometimes situated in an 
apical depression of the ovary. In Labiatae the reduction 
and specialisation of the ovary has become complete. The 
bilocular ovary (with a gynobasic style) becomes divided 
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into four one-ovuled chambers, forming in the fruit four 
one-seeded nutlets. 

Another line of development within the series may be 
traced from Solanaceae with generally regular isostemonous 
flowers and a bicarpellary, generally bilocular, ovary with 
numerous ovules. The tribe Salpiglossideae with four or two 
fertile stamens and an often more or less zygomorphic 
flower forms a link with Scrophulariaceae where zygomorphy 
of corolla and androecium is generally strongly marked. 
Along this line of development there is comparatively little 
tendency towards that specialisation of the ovary and fruit 
associated with reduction in number of seeds which we have 
noted as culminating in Labiatae. Several families are closely 
allied to Scrophulariaceae. Gesneriaceae, a mainly tropical 
family, has a unilocular ovary with indefinite ovules, and shews 
a marked tendency to epigyny ; the closely allied Orobanchaceae, 
also with a unilocular many-ovuled ovary, represents the 
development of the parasitic tendency evidenced in several 
genera of Scrophulariaceae; while the Lentibulariaceae, with 
generally a markedly two-lipped corolla and reduction to two 
stamens, and also a free-central placentation in the ovarv, 
are a more or less aquatic family specialised in the direction 
of the insectivorous habit. Pedaliaceae shew specialisation 
of the fruit. Bignoniaceae are evidently allied; the plan of 
the flower is that of Scrophulariaceae, but the woody habit, 
often climbing, and the two-valved capsular fruit with 
flattened winged seeds suggest an affinity with Apocynaceae. 

Acanthaceae, while shewing a similar floral plan, have a 
highly specialised flower and fruit, as indicated by the great 
variety in the development of the stamens, and the remark¬ 
able mechanism for the dispersion of the seeds in the more 

typical genera. 

It is difficult to suggest a point of origin among poly* 
petalous dicotyledons for the Tubiflorae. They were pre¬ 
sumably derived from a group characterised by pentamerous 
flowers with oligomerous gynoecium, numerous marginal 
ovules and a disc-development beneath the ovary. \\ ettstein 
suggests a type akin to Rosales, in which sympetalv occa¬ 
sionally occurs, for instance in Crassulaceae and Saxifrag- 
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aceae ( Rcm-ssea has a campanulate corolla), the latter family 
is typically bicarpellary, and the bilocular ovary with 
numerous anatropous ovules on the large placentas resembles 
that of Solanaceae or Scrophulariaceae (the oblique position 
of the ovary characteristic of Solanaceae occurs also in 
Saxifraga ); there is also a marked tendency to epigyny. 

Suborder 1. Polemonineae. Flowers generally regular. 
Ovary generally trilocular with oo to 1 ascending anatropous 
ovules with inferior micropyle. Fruit generally a loculicidal 
capsule. 

Family I. POLEMONIACEAE 

Flowers bisexual, regular or slightly zygomorphic, con¬ 
forming to the formula S5, Po, A5, G(3). Calyx generally 
bell-shaped or tubular; segments imbricate or valvate. 
Corolla hypogynous, with generally a well-developed tube 
and more or less spreading limb, aestivation contorted. 
Stamens inserted at various, often unequal heights on the 
corolla-tube; anthers two-celled with longitudinal dehiscence; 
an intrastaminal disc is generally present. Ovary superior, 
3-locular (rarely of two or five carpels); style terminal, 
filiform, dividing at the top into three arms which are stig- 
matic on the upper face; ovules l-oo , sessile in the inner 
angle of each chamber, anatropous. Fruit usually a loculicidal 
capsule; seeds 1-oc in each chamber; embryo straight, in the 
axis of a generally copious fleshy or cartilaginous endosperm. 

Annual, biennial or perennial herbs, rarely shrubby; 
leaves usually alternate or the lower or all opposite, entire 
or divided, exstipulate. Flowers generally showy and in 
a complicated cymose inflorescence, rarely solitary and 
axillary. 

Genera 12; species about 280. Distribution America, 
chiefly western North American; very few in the Old World. 

Cobam , a tropical American genus, has pinnately com¬ 
pound leaves ending in much branched tendrils by means of 
which the plant climbs. The other genera comprise mostly 
erect or more or less spreading perennial herbs, as in Phlox , 
or Polemonium, the former with simple entire mostly opposite 
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leaves- the latter with alternate pinnately divided leaves. 
The large bell-shaped flowers of C'obaea stand singh m th 
W-S but Jm, . number o, mgg* 

an inflorescence formed on a d.chasial pi. , > 

ending in a flower, and the branchmg at h-t ha a b 
coming dorsiventral from the stronger ^vcl pment n the 
lower bracteole of each pair. The flowers are 
forming, for instance in Phlox, large mvolucrate head. , 

bracteoles may be present or absent. 

There is great variety in the form of the corolla. ' hich .» 

bell-shaped in Cobaeo, "from funnel-shaped to almost rotate 

in Polemonium, salver-shaped in P ‘ ox, « > e 1 p v 

of Gilia the tube is almost filiform. The often > 

spreading lobes in Loeselia (Western Amenca g.ve he coro 
a zygoraorphic appearance, while m the small 
BZplandia the lobes are unequal and the corolla .. blab.a«m 
The white or brightly coloured (often blue) are 

strongly proterandrous and adapted for polhnation bj 

01 septicidal capsule; - the other g^ra^t is 

loculicidal. In Collomia and spec.es o «.« he 
of the seed-coat is mucilaginous, swelbng when wetted 

fixing the seed to the soil. . North American, 

The great majority of the species ar - ,, fr ‘ Central 

especially western. Cobaea (nine species) rang ^ 

America to Venezuela and Nor h ^; . ftn <l a 

species) occurs on ‘ h e Po l emo nium, Colic,nia) 

few species of other genera ( > is represented 

occur in Andine South Americ . ‘ Phlox sibirica , 

in the eastern hemisphere by three 

and Polemonium coemleum and ,annto , Ladder) native 
tains about 30 species; P. coeruleum (.Ta.co b . Lnclcle r), 

in Central and North England, .s a wide 
perate plant in both hemispheres, P. >u 

distributed Arctic species ^ . 

Mountains and the mountains of Californ , . in 

at the Strait of Magellan. Pldox has about 50 spcue.^^ 

North America and one in North Asia. South 

species in extratropical and subtropical North 
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America; many grow at considerable altitudes on the western 
mountain ranges. Species of Phlox , Gilia, Polemonium, Cobaea 
scandens and others are favourite garden plants. 

Polemoniaceae shew some resemblance to Convolvulaceae, 
with which they agree in general plan of floral structure. 
They differ in the gamosepalous calyx, the simpler aestivation 
of the corolla, the typically trimerous pistil, and the varying 
number of seeds; also in the absence of latex. 



E B C G 


Flu. -27. A-E. Polcmoniaceae. A. Floral diagram of Polemonium coeruleum ; 
d, disc. B. Median longitudinal section shewing ovary, disc ( d) and base of 
sepals (v). C. Upper portion of corolla of Gilia androsacea shewing contorted 
aestivation. 1). Flower of G. Bramlcgei cut vertically, with subtending 
bract b. E. Cross-section of fruit of G. capitata shewing loculicidal dehiscence. 

F, G. Hydrophyllaceae. F. Cyme of Phacelia integrifolia. G. Ovary of 
P. H hillavia cut across. B-E and G enlarged. (A after Eichler; B after 
Engler; C-E after Peter; F, G after Brand.) 

Suborder 2. Boraginineae. Flowers generally regular 
in unilateral cymes. Carpels two; ovules oo to two in each 
carpel, anatropous with upwardly directed micropyle. Fruit 
a capsule or drupe or splitting into four one-seeded mericarps. 

Family II. HYDROPHYLLACEAE 

I lowers bisexual, regular, generally pentamerous with reduction 
to two in the pistil. Sepals united at the base, aestivation 
imbricate. Corolla rotate, bell- or funnel-shaped, aestivation 
imbricate, seldom contorted. Stamens epipetalous, generally 
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inserted on the base of the corolla, alternating with the petals: 
filaments equal or unequal: anthers versatile, two-celled, dt - 
hiseing introrsely by longitudinal slits; scale-like appendages are 
often present at the base of or alternating with the stamens. 
Ovary superior, generally one- more rarely two-chamber, <,ov.es 
=o-2' sessile or pendulous, anatropous or amphitropous with 
micropvle directed upwards and outwards; styles one and generalh 
more or less divided 1 , or two; stigma terminal, genera ly capita^ 
Fruit usually a loculicitlal capsule; seeds as many as the owilc* 
or fewer; embryo small in the axis of a copious or sparse H * ) 

nnia, herbs or undershrubs, leaves 
entire or pinnately, rarely palmately divided, exstipulate, alternate 
or opposite, often forming a basal rosette. Flowers sma lor show > , 
solitary or in scorpioid cymes usually wdhout bracteoles. 

Genera 18; species about 170; mainly North American 

Mostly annual or perennial herbs of various habit, \\it\ simp c 
or variously pinnatelydivided leaves. There is a variation m 

the nature of the hairy covering, which may be softl> ha,r> 
stiff thorny or glandular. The white, blue or purple flowers ma 
be solitarv' as generally in Nemophila, but are mostly m scorpion 
cymes without*bracteoles; often two or more cymes are arranged 
in dichasial or umbel-like compound inflorescences. lhe• South 
African genus Codon (two species) is distinguished from i ■ 
of the family by its pleiomerous flowers, with b-10- or l--mero . 
whorls. In Nemophxla and others stipule-l.ke ^pi^nclagos ooe 
between the sepals; more frequent are the fold- or scab-like 
appendages on the corolla-tube which stand in 
in front of the stamens or attached to the base of the ^lament 
and recall the corona-like structures of Boraginaceae 1 he> arc 
often of obvious significance in relation to insect-MsiUs, forming, 
for instance in Hydrophyllum , nectar-conducting tubes 

There is great variety in the number and position of the o\ u. , 
which are sometimes inserted on large parietal l> acen ^s which 
may grow out into the ovary-space, or the dividing wall 
complete the placcntation becomes axilc; corresponding 
ences occur in the details of the capsular < e nsec nee. ( - 

The family is chiefly North American, extcndmg nor h-west 
wards to Alaska and north-east Asia, and smith.wards ^ougi^ 
Mexico and Central America along the Andes to 
the Strait of Magellan. The genus H yd role a (l.t S P^J 
widest distribution, occurring in the tropics of As a anel Afri^, 

including Madagascar, as well as of the New , \merica 

genus, Phacelia, has 100 species, chiefly m western Nor h America 

and Mexico, with a few in the Andes of Chile and I cru. 
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Hydrophyllaceae stand between Polemoniaceae on the one hand 
and Boraginaceae on the other. 

The structure of the flower recalls Polemoniaceae, though the 
aestivation is generally imbricate; the frequently large number of 
ovules indicates an affinity with Polemoniaceae, while in the 
reduction to two ovules there is an approach to Boraginaceae, to 
which also an affinity is shewn in the occurrence of scales on the 
corolla-tube and more especially in the arrangement of the flowers 
in scorpioid cymes. 

Species of Nemophila, Phacdia and Wigandia are cultivated in 
gardens and greenhouses. Hydrophyllum canadense is used as a 
remedy for Rhus Toxicodendron poisoning and various skin- 
diseases. 

Family III. BORAGINACEAE 

Flowers bisexual, regular, rarely zygomorphic, hypogynous; 
floral formula S5, P5, A5, G(2). Sepals free or united below 
into a longer or shorter tube which is generally bell-shaped; 
aestivation imbricate or open. Corolla tubular or funnel- 
shaped, with generally a spreading limb; lobes imbricate, 
rarely contorted, seldom unequal, the throat often closed by 
scale-outgrowths. Stamens alternate with the corolla-lobes, 
inserted at the mouth or on the tube, equal or unequal, 
anthers introrse; a ring-like nectar-secreting disc beneath 
the ovary. Ovary of two median carpels, originally bilocular 
but soon separating into four one-ovuled portions with a 
gynobasic style; style more rarely terminal, generally simple 
with a simple stigma; ovule inserted at the inner angle of 
each of the four chambers; more or less erect, with upwardly 
directed micropyle. Fruit of four nutlets; more rarely a 
4 to 1-seeded drupe. Endosperm generally absent, sometimes 
scant v. 

Hispid annual or perennial herbs, more rarely shrubs or 
trees, with generally alternate leaves, which are simple and 
exstipulate. and flowers arranged in simple or double scorpioid 
cymes which are spirally coiled in the bud. 

Genera 88: species about 1600. 

Generally herbs, annual, as in some species of Myosotis , 
or perennial by a thickened creeping rhizome, as in Pul- 
monaria or Symphytum. Many species have a strong tap-root, 
which, as in Alkanna, may contain a purple dye, Alkanet. 
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When perennial they become woody below, while the genus 

Toumejortia and the subfamilies Cordioideae and Ehretioideae, 

which are almost exclusively tropical and subtropical, com 
prise trees and shrubs; some species of Tournefort.a are 
climbers. A characteristic of the family is the covering of 
stiff hairs which often spring from a hardened tuberous base, 

oc in Borage, Echium and others. 

The leaves are generally alternate, the ow ^ rlI1 ^“ 
eene-a opposite; they are mostly entire and usually narrou, 

fanceolate or linear. Stipules are absent. The ra< K ' a ‘ ( ' a ^ 
in many genera, for instance Pulmonaria. Cynoglossum a d 
others are strikingly different from the cauhne, generally 
broader and stalked, sometimes cordate, the cauhne being 

na ?h 0 e W ch n a d racteristie dorsiventral inflorescence is very conn 

ulicated It consists of one or sometimes a pair of scorp.md 
cymes resulting from development in the higher only of th 
two br’acteoles; in Myosotis both the bracteoles ™* U PP^ 
in other cases only the lower infertile one of each pair tne 
developed bracteoles are arranged on the lower side of the 
“while the flowers arc crowded towards the upper. The 
flower-stalks may be adnate to the sympodmmjo t a grea e 
or less distance above the bracteole in the axil of « hmh they 

arise and may thus appear extra-ax, lan 1 
first closely coiled, becoming uncoiled as the flo o> ope 
At the same time a change in colour may occur, the flowers 
being red in the bud and becoming blue as they expand, 

in Myosotis, Echium , Symphytum and others. 

A deoarture from the usual radial symmetry of the flower 

occurs in Echium and a few allied genera when 
is oblique and the stamens are unequal in. • J ^ 

also is zygomorphic from the bending o \e cor 
inequality of the lobes. The plane of symmetry m the zjg 

morphic flowers is an oblique one. 

The aestivation of the sepals is open or imbn ^ ^ ami 
rarelv valvate- they shew very various degrees 

may be free almost to the base, as in ° r 

to form a longer or shorter tube, five-toothed o cUft abovc 

as in Myosotis. The form of the corolla also vanes wide 5 
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Thus in the genera found in Britain the corolla is rotate in 
Borage, tubular in Comfrey {Symphytum), salver-shaped in 
Anchusa, funnel-shaped in Cynoglossum, and in each case 
the throat is closed by scale-like outgrowths from the middle 
line of each petal. In Lithospermvm the throat of the funnel- 
or salver-shaped corolla may be naked or closed with five 
tumid folds, while in Pulmonaria the funnel-shaped corolla 
bears five pencils of hairs alternating with the stamens. 



Fic. 228. A. Anchusa officinalis, floral diagram (after Eichler). B-D. Alkanna 
tinctoria. II. Corolla cut open, two stamens are at a lower level than the 
remaining three; s, scales at throat of corolla; x 3. C. Pistil, x 6. D. Fruit, 
with three nutlets, x 3; i, fourth carpel which has not formed fruit; d 9 disc. 
E. Fruit of Myosolis enclosed in the calyx, in longitudinal section, enlarged. 
(B-J) after Berg and Schmidt.) 

The anthers are generally attached to the filament on the 
back near their base, are more or less linear in shape and 
dehisce introrsely by longitudinal slits. The ovary is seated 
on a ring-like nectar-secreting disc. The two median carpels 
become early divided by a median constriction or division 
into four distinct one-ovuled portions, the style springing 
from the centre of the group. In Cordioideae (fig. 229) and 
Ehretioideae the ovary retains its original form and bears the 
style on its apex. One ovule is attached at the inner angle 
of each ovary-segment; it is anatropous with an upwardly 
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directed micropyle, and generally erect but sometimes more 
or less oblique or almost horizontal; in Heliotropioideae it is 
descending with a downwardly directed micropyle. The 
simple style generally ends in a simple stigma, as in Borago, 
Symphytum , Myosotis (fig. 228, E), more rarely the stigma is 
bilobed, as in Anchusa (fig. 228, C) and Pulmonarta, while in 
Echium and others the style is bipartite. In Cordia each 
stigma is again divided (fig. 229, B). 



Fio. 22ft. Cordia gerascanlltoidc*. A. Flowering shoot ™[, UCC J 

B. Flower, the calyx and corolla partly cut ™ay c * posing the put«l. * -• 

C. Ovary and disc, <1, cut longitudinally,, x 1~. D. 9 rU i?\.-7n longitudinal 

cut across shewing two seeds, x 3. F. Drupo of C . My* 

section. 

The flowers shew well-marked adaptations to insect-visits. 
Their aggregation on the upper face of the dorsiventral in¬ 
florescence, the colour and the presence of nectar serve to 
attract. The corona which is frequently formed by the 
corolla-scales protects the pollen and nectar from "it oi 


K. II. 
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undesirable visitors. It may also indicate the position of the 
nectar to the insect-visitor, as in the yellow eye of the blue 
Forget-me-not, one of the first points noted by Sprengel, 
which led him to his investigations into the relations between 
flowers and insects. 

In Pulmonaria the nectar is protected from the great majority 
of insects except humble-bees by the length of the corolla-tube; 
heterostyly occurs here and in other genera. In Anchusa the 
narrow entrance to the tube reserves the nectar for bees; the 
drooping flowers of Borago allow the visits only of insects which 
(like bees) can hang below the flower, while Symphytum has in 
addition a tube of sufficient length to exclude all except insects 
with a long proboscis. The remarkable change of colour during the 
life of the flower has been described as a recapitulation of the 
stages of evolution—thus the rosy and blue in some species 
of Myosotis, yellow, bluish and violet in M. versicolor , and red, 
violet and blue in Pulmonaria, Echium and others. Here 
yellow seems to be a primitive colour and, at least in many 
cases, violet and blue seem to have been preceded by red—an 
assumption which is strengthened by the fact that many blue 
and violet species (as of Myosotis , Anchusa, Symphytum) give 
rose-red varieties apparently by reversion to more primitive 
characters. 

In Oordioideae, Ehretioideae and Heliotropioideae the 
fruit is drupaceous, containing typically four seeds, though 
all may not be developed. In the greater number of genera, 
comprising the Boraginoideae, the fruit consists of separate 
nutlets, generally four in number, one or more of which 
may become aborted. The form of the nut and the nature of 
the pericarp are extremely varied; thus in Lithospermum 
they are stony, in Mertensia rather fleshy, in Myosotis 
usually highly polished, in Cynoglossum covered with hooked 
or barbed bristles. Species of Symphytum , Borago, Anchusa , 
Pulmonaria and Myosotis have been described as myrme- 
cochorous. A small portion of the receptacle remains attached 
to the base of the fruit on dispersal and forms an elaiosome, 
by which ants are attracted. The elaiosome is often white, 
thus contrasting with the dark fruit. The seed has a mem¬ 
branous coat anil contains a sparsely developed endosperm 
or, more often, endosperm is absent. In Heliotropioideae 
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endosperm is often copious. The embryo is straight or curved, 
with flat or fleshy cotyledons and a short upwardly directed 

radicle. 

The family is widely spread throughout the temperate and 
tropical parts of the world. Its principal centre is in the 
Mediterranean region, whence it extends over Central Europe 
and Asia, becoming less frequent as we approach the cold 
temperate zone. There is a smaller centre on the Pacific side 
of North America. It is less frequent in the south temperate 
zone; one genus only, Halgania, occurs in Australia where 
it is endemic. The Boraginoideae are relatively scarce in the 
tropics, to which however the Cordioideae and Ehretioideae, 
and, generally speaking, the woody members of the family, 
are almost restricted. 

The following division into subfamilies depends on the characters 
of fruit and style. 

(a) Style terminal; fruit a drupe. 

Subfamily I. Cordioideae. Style twice bilobed, drupe with a 
typically four-chambered stone. Cordxa, a large genus with ->0 
species especially in tropical America (fig. 229), and two small 

genera. 

Subfamily II. Ehretioideae. Style simple, bilobed, or two 
distinct styles. Drupe with two two-seeded, or four one-seeded 
stones. 10 genera. Warmer parts of both hemispheres. 
Subfamily III. Heliotropioideae. Style simple or bilobed, the 
stigmatic surface in the form of a swoUen hairy ring below_ the 
apex of the style. Ovules anatropous and descending, fceeu 
with endosperm. Three genera: Tournefortia \ Helwtropium^ith 
220 species in the temperate and warmer parts of both Old and 

New Worlds. 

(6) Style gynobasic; fruit of separate (generally four) nutlets. 

Subfamily IV. Boraginoideae. 73 genera which are dis¬ 
tributed among seven tribes according to the number of achem *», 
regularity or dorsiventrality (Echieae) of the flower, and the 
mode of insertion of the nutlets. Our eight British genera are 
included in this subfamily. Of world-wide distribution, but th 
principal centre lies in the Mediterranean region the numbers 
diminishing through Central Europe and Asia. A second b 
less important centre occurs in Pacific North America. 

Van Tieghem draws attention to the marked differences between 
Heliotropioideae and the three remaining subfamilies, in th 


32-2 
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position of the stigma below the apex of the style, the anatropous 
descending ovules, as contrasted with the generally more or less 
erect ascending character, and the presence of endosperm fre¬ 
quently in considerable quantity. He considers them as forming 
a distinct family, but also regards the remaining three subfamilies 
as distinct families. 

Suborder 3. Verbenineae. Flowers generally medianly 
zygomorphic. Carpels generally two, each with two ana¬ 
tropous ovules with a downwardly directed micropyle. Fruit 
drupaceous or dividing into four one-seeded mcricarps. 
Leaves generally opposite or whorled. 

Family IV. VERBENACEAE 

Flowers zygomorphic, rarely regular, bisexual or poly¬ 
gamous by abortion; typical formula S5, P5, A4, G(2). 
Calyx inferior, persistent, gamosepalous, bell-shaped or 
tubular, bearing five, four, or more rarely six to eight teeth, 
lobes or segments. Corolla tubular, often curved, with a 
spreading limb, more rarely bell-shaped, limb 5- to 4-fid, 
more rarely multifid, lobes equal or more or less two-lipped, 
aestivation imbricate. Fertile stamens four didynamous, or 
two, rarely isomerous with the corolla-lobes and equal, 
inserted on the corolla-tube and alternate with its lobes, the 
fifth (posterior) stamen, or, in diandrous flowers, three 
stamens, reduced to staminodes or absent; filaments free, 
anthers dorsifixed, two-celled, dehiscence longitudinal and 
introrse; hypogynous disc often inconspicuous. Carpels two; 
ovary entire or four-furrowed or rarely shortly four-lobed, 
two- to four-celled; very rarely four to five carpels with an 
eight- or ten-celled ovary; style terminal, simple, entire or 
dividing above into as many stigma-bearing lobes as there 
are carpels; position of ovules various, but the micropyle 
always inferior. Fruit usually drupaceous; divisions generally 
two or four, one-seeded; more rarely dividing into two-celled 
or one-celled mericarps; testa thin, endosperm fleshy when 
present, usually absent; embryo about as long as the seed, 
straight ; radicle short, inferior. 

Herbs, shrubs or trees, with generally opposite or whorled 
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leaves, which are simple or more rarely palmately or pin- 
nately compound; stipules absent. Inflorescence racemose 
or cymose. 

Genera 80; species about 800. Almost exclusively tropical 
or subtropical. 

The plants shew a great variety in habit. They are mostly 
shrubs or undershrubs; but many are trees, as Tectona grand is 
(Teak) and others. The genus Verbena, to which belongs the 
only British representative of the family, V. officinalis 
(Vervain), contains, besides herbs or shrubs with well- 
developed leaves, also species with much reduced leaves, the 
function of assimilation being more or less relegated to the 
stem. Many are shrubby climbers (lianes), sprawling, twining 
or climbing by means of thorns or spines, as for instance 
species of Lantana , Clerodendron , Vitex and others. Avicenma 
is a mangrove shrub inhabiting tropical shores in both hemi¬ 
spheres; the stem increases in thickness by repeated pro¬ 
duction of new cambiums, outside and concentric with the 

original one. 

A few species have alternate leaves. The leaves shew grea 
variety in form, but are generally simple, more rare Y 
compound as in Vitex, where they are 3- to 7 -folio late. 
There is also a wide diversity in the inflorescence. I he 
indefinite include racemes, spikes, or heads, or the flowers 
are axillary; the bracts are often well-developed, sometimes 
coloured, forming, as in species of Lantana, a conspicuous 
involucre. Both bracteoles are present, or one or both are 
suppressed. Cymose inflorescences arise by dichasial branching 
in the axils of the bracteoles, often passing into monochasial 
cymes as in Vitex and Clerodendron. The cymes are axillary, or 
variously aggregated in paniculate, often showy inflorescences. 

The flowers are generally pentamerous. Reduction in the 
calyx is rare, as in Physopsis, which has a regular tetra 
merous flower. A reduction in the number of the teeth or o cs 
occasionally occurs by union or abortion in the formation o 
a two-lipped calyx, as in species of Vile. r; but the tendency to 
zygomorphy is much less than in the corolla, where union o 
the two upper lobes is frequent in the formation of an upper p, 
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as in Lantana, Lippia and others. In the fruiting stage the 
calyx is often much altered and enlarged, sometimes bladder¬ 
like and more or less enclosing the fruit and sometimes 
brightly coloured. The aestivation of the sepals is generally 
open; that of the petals imbricate with a varying arrange- 



Flo. 230. Verbena urticifolia . A, B. Flowering stem and leaf, slightly reduced. 
C. Flower, x 8. D. Flower with corolla cut open and rolled back, x 13. 
E. Fruit, x 7. F. Fruit in transverse section shewing four one-seeded 
drupes, x 7. 

merit. A pentamerous androecium is very rare, occurring in 
Tectona and in the Malayan Geunsia, where the flower is 
pentamerous throughout. The fifth stamen is sometimes re¬ 
presented by a staminode, but is generally absent; diandry 
may arise by reduction to staminodes of the two posterior or 
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more rarely the two anterior stamens; where four stamens 
are present and fertile they are rarely equal, one pair (usually 
the anterior) being longer or having a higher insertion on the 

corolla-tube (figs. 230, D, 231, C). 

There are usually two carpels which are median, more 
rarely there are four (as in Duranta, fig. 231) or five (Geunsia ), 



in Lantana , Lippia and allied genera the posterior carpel 
becomes aborted. Placentation in the young o\ an is parieta 
the placentas subsequently uniting more or less completely 
in the centre of the ovary, each becoming rolled back right 
and left and bearing a single ovule, sometimes at the base or 
higher, or sometimes at the apex of the ovary-chamber, ut 
always with a downward-pointing micropyle. A seconc ar> 
(“false”) septum frequently grows from the middle of each 
carpel inwards, separating the placenta-Jobes and ( \\n mg 
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the ovary into one-ovuled chambers (figs. 230, 231). The 
ovary is sometimes rounded, but generally more or less lobed 
according to the number of the chambers; thus two-lobed in 
Lantandy four-lobed in Clerodendron and Verbena (fig. 230, E). 

From the resemblance of the floral structure to that of 
Labiatae and the occurrence of proterandry it is probable 
that pollination is effected as in the Labiatae by the agency 
of bees and flies. The flowers of Aegiphila are diclinous by 
reduction or abortion. 

The fruit is generally drupaceous. The exocarp is fleshy or 
dry; the endocarp is almost always hard. The arrangement 
of the stones affords useful characters for the grouping of 
the genera; the endocarp forms a four-chambered stone in 
Tectona, Vitex and allied genera; two two-chambered stones 
in Priva and others; four two-chambered stones in Duranta 
(fig. 231); two undivided stones in Lantana and others; and 
four distinct stones in Clerodendron and others. In Verbena 


the exocarp is dry and thin, and the fruit consists of four 
nutlets (fig. 230). Two- or four-valved capsular fruits also 


occur, as in Avicennia. The seeds are very uniform; they are 
ovate in shape, sessile and have a basal, lateral or apical 
attachment according to the attachment of the ovule. There 


is normally one for each cell or stone in the fruit, occasionally, 
by abortion, only one for the whole fruit as in Avicennia. 


The seed-coat is thin and membranous. Two of the 


smaller groups of genera are characterised by presence of 
e.idospcrm, which is absent in the majority of genera. The 
embryo is straight with a small radicle directed towards the 


micropyle and the base of the seed, and a pair of larger 
parallel cotyledons. 


Avicennia has a remarkable embryology, details of which have 
been worked out by Treub 1 . Early in its history the embryo is 
carried in the endosperm out through the micropyle into the 
nucollus, where one cell (cotyloid cell) of the endosperm grows 
enormously and forms a multinuclear branched hypha-like sucker 
spreading in all directions through the nueellus and finally reaching 
the placenta. By its means the embryo is nourished. The fruit- 
chamber ultimately becomes filled by the highly-developed embiyo, 

, ‘ 9ur l ombr .vo , »- embryomtaire et I’ovule.” Annalts Jardin 

Jiotun. Jiuitenzortj, in, 18S3. 
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which has large green folded cotyledons and a hairy radicle, the 
latter striking root in the mud on the fall of the fruit. 

Several Malayan species of Clerodendron are myrmecophilous, 
as C. fistulosum, where ants inhabit the hollow stem-intemodes 
and are attracted by a series of nectaries on the midrib on the 
lower face of the leaf. 

The family is almost exclusively tropical or subtropical. 
Verbena, a very polymorphic genus, has 80 species mainly in 
tropical and extratropical America, a very few occurring in 
the Old World; V. officinalis (British) grows in Central and 
Southern Europe, and extends from the Mediterranean region 
to the Himalayas. Several species are familiar garden plants. 
Vitex has 100 species in the warmer parts of both hemispheres, 
a few extending into temperate Europe and Asia; 1 itex 
Agnus-Castus of the Mediterranean region was esteemed by 
the ancients as an anaphrodisiac. Lantana has 50 species, 
mainly in the warmer parts of America, with a few in Asia 
and Africa; the flowers shew a great variety of colour, 
several species are known as garden plants. Tectona grandis 
(Teak) is a large East Indian tree noted for its hard wood. 
Clerodendron is a large tropical and subtropical genus (90 
species), including the well-known greenhouse-plant with red 
calyx and white corolla. 

Verbenaceae are most nearly allied to Labiatae from which 
they are distinguished by the terminal, not gynobasie style an< 

the undivided ovary, also by the habit. 

Those Boraginaceae with a terminal style and regular flowers 
have a strong resemblance to Verbenaceae, but are distinguished 
by the ascending ovule with superior micropyle and radicle. 

* The family is divided into seven tribes depending on the racemose 
or cymose nature of the inflorescence, the presence or absence of 
endosperm, the structure of the fruit and the position o t t 
ovule. 


Family V. LABIATAE 

Flowers usually bisexual, zygomorphic; typical formula 
S5, P5, A4, G(2). Calyx inferior, persistent, bell-shaped or 
tubular, with free teeth or lobes, sometimes two-lipped. Corolla 
tubular, limb variously bilabiate, aestivation imbricate. 
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Stamens epipetalous, alternating with the corolla-lobes, 
typically four, didynamous, sometimes reduced to two; 
anthers typically two-celled, cells dehiscing introrsely by a 
longitudinal slit; hypogynous disc usually fleshy. Carpels 
median; ovary soon four-partite by a secondary division 
with a single anatropous erect basal ovule attached to an 
axile placenta in each segment; micropyle directed down¬ 
wards; style generally gynobasic and simple with bifid apex. 
Fruit of four one-seeded nutlets included within the persistent 
calyx; seed with thin testa; endosperm absent or scanty; 
embryo with generally flat cotyledons parallel to the fruit- 
axis and a short inferior radicle. 

Herbs or shrubs, very rarely small trees or climbers, with 
generally a four-angled stem and opposite, rarely alternate, 
ternate or verticillate, simple exstipulate leaves; often with 
a covering of glandular hairs. Inflorescence generally cymose, 
the pair of cymes in opposite leaf-axils forming a pseudo¬ 
whorl ; bracteoles usually present. 

Genera 170; species about 3000; warm and temperate 
regions. 

1 he great majority are annual or perennial herbs inhabiting 
the temperate zone, more rarely becoming shrubby, especially 
in warmer climates; trees are extremely rare, as in a few 
species of Hyptis (Brazil), and in the Indian genus Leuco- 
sceplrum. A few American species of Scutellaria are climbers, 
but a climbing habit is very rare. Propagation of the in¬ 
dividual may be effected by new shoots which either remain 
attached to the parent-plant, as in Salvia , BaUota and 
others, or the latter dies off, as in Mentha , Lycopus or 
Stack ys palustris. The new shoots form aerial runners with 
somewhat reduced leaves, as in Ajuya reptans, or subterra¬ 
nean stolons with shortened internodes and colourless scale- 
leaves, as in Stackys palustris or Lycopus. In many species, 
as Mentha aquatica, both forms occur. The young shoot-axes 
are four-sided. T he simple leaves shew all possible variations 
from an entire blade to toothed, lobed, cut, or finely multi- 
sected, as in many Salvias. A whorled leaf-arrangement 
(three to eight) is characteristic of some genera. Stem, leaves 
and inflorescence are frequently more or less hairy, often with 
glandular hairs, the secretion of which has a scent character- 
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istic of the genus or species; sessile glands on the epidermis 
are also frequent. 

The flowers are rarely solitary in the axils of the leaves or 
bracts, as in Scutellaria ; generally they form an apparent 
whorl (verticillaster) at the node, consisting of a pair of 
cymose inflorescences, each forming a simple three-flowered 
dichasium, as in species of Salvia (fig. 234), Prunella and 
others, or more generally branching and passing over into a 
pair of monochasial cymes, as in Lamium, Ballota, A epeta and 
others; the axes are either all reduced, forming a dense sessile 
inflorescence, or the main axis or lateral axes or both are 
more or less developed. A number of whorls may be crowded 
at the apex of the stem, and the subtending leaves being 
reduced to a bract-form, a raceme- or spike-like inflorescence 
results, as in Prunella , or Teucrium (fig. 233), more rarely a 
head, as in Hyptis (fig. 232); the bracts are simple, or highly 
differentiated, as in Monarda and others. Dorsiventral in¬ 
florescences arise by crowding of the flowers towards one 
side of the main axis, as in species of Scutellaria, Teucrium 


and others. 

There is usually a pair of bracteoles above the bract, only 
one of which is developed in the monochasial cymes, and 
both are often suppressed, as in Teucrium, Prunella and 
others. The plan of construction of the flowers is remarkably 
uniform, but there are wide variations in detail. The calyx- 
tube may, for instance, be tubular, bell-shaped or spherical, 
straight or bent, and the form of the teeth or lobes is equally 
varied; the number of nerves affords useful systematic 
characters; there are normally live main nerves between 
which simple or forking or doubled secondary nerves are 
developed to greater or less extent; the calyx is equally 
toothed, as in Origanum , or two-lipped, as in Thymus (hg. 
235, E) or Salvia (fig. 234, E); it is persistent, and often 
variously accrescent, sometimes fleshy ( ZJoslundia ), in the 
fruit. The aestivation is generally open, more rarely quin- 

cuncial. f 

The corolla is differentiated into tube and limb; the former 

is straight or very variously bent, and often widens tow an s 

the mouth. The limb is seldom equally five-toothed, or 

becomes by union of the two upper teeth an almost regular 
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tetramerous corolla, as in Mentha ; usually there is a well- 
marked division into upper and lower lip, which arises in 
three ways. The most general is the 2/3 arrangement, the 
posterior pair of petals forming the upper lip which is flat, 
as in Thymus (235, D), etc., or concave, as in Lamium,Stachy8, 
Salvia (fig. 234), etc., and shewing very great variety in form; 



I id. 232. Ilyptis alrorubens. A. End of a shoot bearing flowers which are crowded 
into roundish heads subtended by reduced leaves which form an involucre, 
reduced. B. Noting flower removed from calyx, x5; l, lower lip of corolla. 
C. Flower in bud, the corolla cut open and'folded back, x 13. D. Calyx, 
equally 5-toothed, enclosing fruit, x 5. E. Nutlet, x8. 

the three lower petals form the lower lip, the median lobe 
of which is generally most developed. A 4/1 arrangement 
characterises the subfamily Ocimoideae, the four upper petals 
forming a slightly developed upper lip, while the anterior 
forms a very variously differentiated lower lip, as in Hyptis 
(fig. 232). The 0/5 formed by pushing all the lobes forward 
is characteristic of Teucrium (fig. 233). 
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The fifth, posterior, stamen is very rarely developed: it is 
occasionally present as a staminode, but generally is com¬ 
pletely suppressed. The two upper stamens are often reduced 
to staminodes or more or less completely suppressed ( Lycopus , 
Salvia, etc.), rarely are these developed and the anterior pair 
reduced. Coleus has monadelphous stamens. 1 he anterior 
pair are generally the longer, rarely, as in A epeia and allied 
genera, the posterior pair. The anthers are two-celled, each 
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Flo. 233. Teucriurn inflalum. A. Shoot with a terminal spike of flower an 
fruit, slightly reduced. 13. Flower, x 2*. C. The four nutlets, x 7. 1). One 
nutlet cut longitudinally to shew seed and embryo, x H. 

cell dehiscing longitudinally; the cells may be separated b> 

development of the connective, which in Salvieae becomes 

filiform and articulated with the filament, the anterior n 

being reduced or sterile and modified (fig. 234, C). A hypo 

gynous disc is common, generally four-lobed, the anterior 


pair of lobes serving to secrete nectar. 

The two median carpels are very early divided by a con 
striction into four one-ovuled segments. Ihe stigmatic 
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papillae are usually only at the tip of the style-arms. The 
anati^pous ovules are attached at the inner corner of each 
ovary-segment; the raphe is on the side next the axis and 
the micropyle is inferior. 

Two types of flower-arrangement are distinguished in relation 
to insect-pollination. In the less common the anterior part of the 
flower is more protruded, the stamens and style lie on the under 
lip, and nectar is secreted on the upper side of the disc; the insect 
in probing the flower gets its belly and legs smeared with pollen 
(see Hyptis , fig. 232). In Coleus and Plectranthus the stamens 
and style are included in the boat-like lower lip, while the upper 
forms a more or less erect attracting mechanism. The flowers 
may be resupinate by torsion of the pedicel, or, in species of Ajuga 
and Teucrium, by torsion of the corolla-tube. 

In the commoner type the stamens and stigma are protected 
by the arching upper lip, as in Lamium and many of our British 
species, and nectar is secreted on the lower side of the disc. The 
lower lip affords a resting place for the insect, which in probing 
the flower collects the pollen on its back. Different genera and 
species shew very numerous variations in detail. The Salvias, for 
instance (fig. 234), are characterised by the well-known lever 
arrangement, the barren half of each anther forming a knob at 
the end of the short arm, which, when touched by the proboscis, 
brings the pollen-containing half at the end of the longer arm 
down upon the back of the insect. 

In both types flowers occur with longer tubes and brightly 
coloured, adapted to visits of butterflies and moths; as, for 
instance, the bright-red-flowered Monarda, species of Salvia, 
Stachys, etc. Most British species have shorter tubes and are 
bee-flowers; some South American Salvias are pollinated by 
humming-birds. In Mentha, Thymus (fig. 235, D), Origanum and 
allied genera, the corolla is nearly regular with stamens ultimately 
spreading beyond it. The bracts sometimes form organs of 
attraction; as, for instance, in species of Salvia, where the upper 
are sterile and coloured, or the fertile bracts are large and coloured 
or white. 

Gynodioecisin occurs in widely different groups; the reduction 
of the stamens is generally associated with reduction of the 
corolla, as in Mentha, Thymus, Salvia, Nepeta and others. Heter- 
anthy, or occurrence of large-flowered and small-flowered speci¬ 
mens, has been observed in species of Satureia and Galeapsis. 
Cleistogamy occurs in genera of different groups {Salvia, Lamium, 
Ajuga) and in Lycopus virginicus Meehan has described the pro- 
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duction of autumn flowers which are buried beneath the earth 
where self-pollination and fruit-development take place. 



Fiu. 234. Salvia eoccinta. A. End of a flowering shoot, B Floru! 

diagram. C. Flower opened along the middle mo of the anterior petal. :x 2*. 
c lonir connective separating the fertile and barren halves of tho anther. 
I) Base of flower x 7; d, large nectary developed from the hypogynous 
K Calvin fruiting *Ugl x 2J. F.^utlet. x 8. G. Same ,n longitudinal 

section. (B after Eiohler.) 
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The fruit is very uniform; all four nutlets are generally 
equally developed; rarely is the pericarp fleshy or produced 
into a membranous wing. 

The testa is thin and often more or less absorbed by 
growth of the embryo which fills the seed; or a scanty endo¬ 
sperm is present. The embryo lies generally parallel to the 
fruit-axis with short inferior radicle and generally flat 
cotyledons. The persistent calyx envelops the nutlets, which 
it often protects by closing above them, and may also assist 
distribution, forming occasionally a swollen bladder, or 
having winged, thorny, barbed or hairy lobes or teeth (figs. 
232, D, 235, A, C). In species of Ajwja , Lamium and others 



Fig. 23o. A. Calyx of Scutellaria alpina, the posterior lip bearing a concave 
shield-like process, x 3. B. Nutlets of S. sjAendtns, borne on a columnar 
development of the disc (gynophore), x 5. C. Calyx of Otostegia, the upper 
lip small, the lower lip (of four Bejjals) large and spreading, enlarged. 
D. Flower of Thymus vulgaris, x5; the third tooth on tlie upper lip of the 
calyx is not indicated (cf. fig. E). E. Calyx of same, x 6. (After Briquet.) 

a small portion of the receptacle becomes separated with the 
nutlets, and forms an elaiosome, in the same way as noted 
in Borago and other genera of the family Boraginaceae. 

The chief centre of distribution of the family is the Mediterranean 
region, both as regards numbers of genera and species and 
their importance in the general vegetation, such genera as 
Lavandula. Thymus, Rosmarinus and others often occurring in 
large quantity and forming a characteristic feature of the vege¬ 
tation. The subfamily Ocimoideae is almost exclusively tropical 
and subtropical and occurs in both hemispheres. The large sub¬ 
families have a very wide distribution. Prostantheroideae, a 
small group of six genera, is confined to Australia and Tasmania, 
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and Prasioideae has also a limited distribution, chiefly in tropical 

Asia and the Sandwich Islands. 

The family is subdivided by Briquet (in the Pflanzenfamilien) 

as follows. 

A. Stj’le not gynobasic. Nutlets with lateral-ventral attachment, 
the usually large surface of contact often more than half the 
height of the ovary. 

Subfamily I. Ajugoideae. Seeds without endosperm. 11 
genera; two, Teucrium (fig. 233) and Ajuga , are British, 
Rosmarinus is Mediterranean. 

Subfamily II. Prostantheroideae. Seeds with endosperm. 
Six genera; Shrubs or undershrubs; Australian. 

B. Style completely gynobasic. Nutlets with basal attachment 
and small surface of contact. 

Subfamily III. Prasioideae. Nutlets drupaceous with 
fleshy or strongly thickened exocarp and hard crustaceous 
endocarp. Seven genera, mainly tropical; Frustum is Medi¬ 
terranean. 

Subfamily IV. Scutellarioideae. Nutlets dry, pericarp 
thin; seeds more or less transverse; embryo with a bent 
radicle lying on one cotyledon. Two genera; Salazar ia, 
monotypic, in Western America and Mexico; Scutellaria 
(British), 180 species, almost cosmopolitan (wanting m 
South Africa, rare in tropical Africa) (fig. 235, A, B). 

Subfamily V. Lavanduloideae. Nutlets dry; seeds erect; 
embryo with short straight superior radicle; lobes of disc 
opposite the ovary-lobes; anthers becoming unilocular >> 
fusion of the cells at the top. One genus, Lavandula with 
26 species, spreading from the Canary Islands through the 
Mediterranean region to further India. 

Subfamily VI. Stachyoideae. Nutlets dry; seeds erect; 
embryo with short straight inferior radicle; disc-lobes 
when distinct alternate with ovary-lobes; stamens ascend¬ 
ing or spreading and projecting straight forwards. 11 
genera subdivided into 12 tribes depending on the shapes 
the corolla and calyx, and on the number and relative lengt h 
of the stamens. The following are British: Marrubieuc 
( Marrubium ), Nepeteae ( Nepeta ), Stachyeae (Prunella, 
Galeopsis, Meliltis, Lamium, Ballota, Stachys) Salvieae 
(Salvia) (fig. 234), Satureieae (Calamintha, Origanum, 
Thymus (fig. 235, D, E), Mentha, Lycopus). 

Subfamily VII. Ocimoideae. As VI, but stamens descending 
lying upon or enclosed in the upper lip- 36 genera, ropica 
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and subtropical; Hyptis (fig. 232), Ocimum, Plectranthus, 
Coleus. 

Subfamily VIII. Catophenoideae. Nutlet dry; seed erect; 
embryo with curved radicle lying against the cotyledons. 
One genus with three species in tropical America. 

Labiatae are readily distinguished from all other families 
except Verbenaceae, with which they are closely united by the 
first two subfamilies in which the style approaches more or less a 
terminal position. Several genera of Verbenaceae, on the other 
hand, have the style more or less deeply sunk between the four 
ovary-lobes, and the relation becomes closer from their cymose 
inflorescence, and the fact that several of the verbenoid genera 
of Labiatae have the laterally attached hemianatropous ovule 
which also characterises the Verbenaceae in question. It is on this 
account impossible to draw a sharp line between the two families. 

The separation of the ripe fruit into four nutlets has led to the 
association of Labiatae with Boraginaceae in one order Nuculi- 
ferae by some botanists; but the Boraginaceae are readily dis¬ 
tinguished by their superior micropyle, outwardly directed raphe 
and the superior radicle of the embryo. 

The resemblance with Scrophulariaceae and Acanthaceae based 
on the occasional occurrence in these families of opposite leaves 
and a four-angled stem is superficial; the fruit structure completely 
separates them from Labiatae. 

Many genera are of economic use on account of the volatile 
oils which they contain. Such are Thyme, Marjoram (Origanum), 
Sage (Salvia), Rosemary (Rosmarinus), Lavender (Lavandula), 
Patchouly (Pogostemon). Tubers of Stackys and Coleus are eaten. 

Suborder 4. Solanineae. Flowers sometimes regular and 
isostemonous, but usually medianly zygomorphic, with four or 
two fertile stamens. Carpels generally two (five inNolanaceae), 
with usually indefinite ovules. Fruit generally a capsule. 

Family VI. NOLANACEAE 

A small family of about 40 species in three genera, on the 
western side of South America, mainly strand-plants. They are 
herbs or small shrubs with alternate, often fleshy, simple leaves 
and regular bisexual pentamerous flowers, solitary or associated 
in leafy racemes. The corolla is bell- or funnel -shaped, with five- 
lobed limb folded in bud; the stamens are all fertile and of equal 
length. The typically five-carpellary ovary is many-ovuled and 
is divided longitudinally into a series of 5 to 10 segments, or trans¬ 
versely into 10-30 segments standing in two to three superposed 
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series; each segment forms a one- to seven-seeded mericarp, 
usually with a stony endocarp. The embryo is curved and sur¬ 
rounded by endosperm. 

The family has been variously placed by different authorities. 
Bentham and Hooker included it in Convolvulaceae, an affinity 
with which is suggested by the form and aestivation of the 
corolla, and the pentamerous ovary. The separation of the fruit 
into mericarps recalls Boraginaceae. It is however probably most 
nearly allied with Solanaceae, with which it was united by Dunal 
and Baillon, but from which it is distinguished by the remarkable 

structure of the fruit. 

Family VII. SOLANACEAE 

Flowers bisexual, regular or sometimes zygomorphic, hypo- 
gynous, conforming to the formula S5, P5, A5, G(2). Sepals 
persistent, often enlarging in the fruit. Corolla gamopetalous, 
shape various, rarely two-lipped; aestivation various, generally 
plicate, sometimes also convolute. Stamens inserted on the 
corolla-tube and alternating with the lobes, in zygomorphic 
flowers often unequal, sometimes one is rudimentary ; anthers 
bilocular, dehiscing by slits or pores; hypogynous disc 
generally obvious. Ovary bilocular, or falsely 3- to 5-locular, 
the carpels generally obliquely placed; ovules generally 
numerous on swollen axile placentas, anatropous or slightly 
amphitropous; style simple, stigma bilobed. Fruit a many- 
seeded berry or capsule; seeds often with a pitted testa; 
embryo bent or straight, embedded in endosperm. 

Herbs, shrubs, or small trees, leaves various. Flowers 
terminal on the main and lateral axes, solitary or m cymes. 

Genera 85; species about 200U; tropical to temperate 

regions. 

The plants are small annual herbs, as in Solanum nigrum , 
a common weed in waste places, or biennial, or, generally, 
perennial, as Atropa BelUulonna (Deadly Nightshade), a large 
branching herb which is indigenous on chalk and limestone 
in Britain. Climbing plants occur, as Solanum Dulcamara , 
an irregularly trailing twiner. Plants of very various habit, 
including herbs, shrubs, and trees, creeping, erect and climbing 
plants, are found in the single genus Solanum , which com¬ 
prises more than half the number of species in the family. 
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The leaves are generally alternate in the vegetative parts, 
in the flowering parts often in pairs, an arrangement which, 
like the extra-axillary position of the flowers or cymes, is the 
result of congenital union of axes. 

Thus in Datura (fig. 236, A), where branching is dichasial, 
the leaf at any given node belongs really to the node below, 



Fir.. 236. Diagrams showing position of leaves and flower-branches. A. Datura 
Stramonium. B. Atrojxi Belladonna. C\ Solarium nigrum . D. Ground plan 
of lower portion of B. 1,11, III, successive shoots; b, bract of I; a, bracts 
of II; a', p' 9 bracts of III, etc. (After Eichler.) 

but has become adnate to, or raised up on, its axillary shoot 
as far as the next node; this union is indicated in black in 
the figure. In Atropa Belladonna (fig. 236, B) one of the two 
branches at each node remains undeveloped, and there are a 
pair of leaves, a smaller («, a ', a", etc.) which subtends the 
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undeveloped branch at the node in question and a larger 
(6 /?' etc.) which has been carried up from the node 

below. Solarium nigrum (fig. 236, C) illustrates a further 
complication owing to the union of the flower-shoot for some 
distance above the position of its bract with the axis of the 
next higher degree; the flower-shoot thus appearing to spring 
from the middle of an internode (extra-axillary). 



iXliB. t 

A constant anatomical character is the occurrence in the 
stem of bicollateral bundles, affording a distinction from the 

simple collateral bundles of Scrophulariaceae, 

The flower, speaking strictly, is rarely act.nomorphic 
owing to the oblique position of the ovary as indicated in tile 
floral diagram (fig. 239, D). The corolla is regular, for instance 
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the rotate corolla of Solarium (fig. 237), or the bell-shaped of 
Atropa, or, as in Hyoscyamus (Henbane), somewhat irregular. 
Zygomorphy is more strongly marked in the tribe Salpiglos- 
sideae, where only two or four fertile stamens are present 
(fig. 241), and the corolla may become strongly two-lipped, 
as in Schizanthus. The stamens are generally more or less 
unequal in length. Exceptions from the typical dimerous 
ovary occur. Henoonia, a monotypic Cuban genus, has a 
unilocular one-ovuled ovary. In Capsicum the ovary becomes 
unilocular in the upper part. On the other hand, several 
genera are characterised by an ingrowth of false dissepiments 
forming, as in Datura (Thorn-apple) (fig. 239, F), a regularly 
four-celled or, as in Nicandra , an irregularly three- to five- 
celled chamber. The ovules are generally numerous but some¬ 
times few, as in Oestrum, a large American genus with tubular 
flowers, species of which are greenhouse plants. The great 
majority are bisexual, with conspicuous flowers adapted to 
insect-pollination; nectar is secreted at the base of the ovary 
or at the bottom of the corolla-tube between the stamens. 
The flowers are homogamous or proterogynous. Cleistogamie 
flowers occur in Salpiglossis. 

The fruit is a berry or capsule, the two forms being con¬ 
nected by dry indehiscent and irregularly dehiscent berry-like 
fruits. The greater or less curvature of the embryo affords 
characters for the separation of the genera into tribes. The 
persistent calyx may serve to protect or distribute the fruit; 
as, for instance, the prickly calyx of some species of Solarium, 
or the bladdery structure enveloping the fruit of Physalis 
(Winter Cherry, Cape Gooseberry) (fig. 238). 

The main distribution centre of the family lies in Central and 
South America; 38 out of 85 genera are endemic in Central and 
South America and the West Indies. 

The genera are arranged as follows by Wettstein (in the 
Pjta nzcnfamilien). 

Series A. Embryo curved through more than a semicircle. All 

five stamens fertile, equal or slightly unequal. 

Tribe 1. Nicandreae. Ovary three-to five-chambered, placenta 
irregularly three- to five-lobed. Contains a single monotypic 
genus Nicandra, a native of Peru, but widely cultivated as 
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an ornamental plant, the calyx becoming enlarged in the 
fruit, as in Phyaalis. 

Tribe 2 Solaneae. Ovary two-chambered. Contains 40 genera 
which are grouped into subtribes according to the form of 
The corolla the character of the fruit, and the insertion of 
the anther Lycium has 100 species in the extratropica 
parts of both hemispheres, comprising small trees or shrub, 
often thorny with a long cylindrical or narrowly beU-shaped 



Fio. 


238. Phyaalis jteruviana (Capo ^ 8l * b J ?rr ^ surrounding 

o^n exposing the fruit. 

slightly enlarged. 

jsnsrassiatgExcs 

ful drug atropin; coroUa cam^anute^ f ftndg through 

Ei^ope^and^North 8 ^^^^to^sifiT; corolla irregularly bell- 
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or funnel-shaped; fruit a many-seeded capsule, enveloped 
by the calyx-tube, with circumscissile dehiscence; H. niger 
(Henbane) is British. 

Physalis, 45 species mostly in the warmer parts of North 
and South America. The calyx becomes large and bladder- 



*«»• Datura Stramonium. A. End of flowering shoot. B. Corolla cut open. 
(.. Pistil, the rest of the flower has been cut away. I). Floral diagram, the 
arrow indicates the plane of symmetry. E. Capsule opening. F. Capsule 

'i l ., tr ?.T' erse sect * on - G. Seed in transverse section shewing curved embryo. 
All slightly reduced except G which is enlarged. 

like, enclosing the ripe, sometimes edible, berry. P . Alke- 
kengi (Europe and Asia), Winter Cherry, and P. peruviana , 
('ape Gooseberry (fig. 238). 

Capsicum, 30 species in Central and South America, one 
in Japan; widely cultivated for the sake of the spherical or 
elongated more or less fleshy berried fruit (Chillies). 
Solarium, 1200 species of herbs, shrubs or rarely trees, of 
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very various habit, with a rotate corolla and many-seeded 
juicy berry; the anthers form a cone in the centre of the 
flower and' dehisce by apical pores (fig. 237, C). S. tuberosum 
(Potato), S. Lycopersicum (Tomato); S. Dulcamara (Bitter- 
sweet) and S. nigrum are British. 



FlU. 240. NivAiana Ubacum. A. Leaf and flower,. B. ~ 

C Fruit D Fruit opening, ono half cut transversely shewing the I «n»pia 


Mandragora (Mandrake), three or four species in the Mcdi- 
terranean and Himalayan areas, are acaidescent herbs witn 
large forked swollen roots. 


Tribe 3. Datureae. Ovary four-chambered. Three genera. 
Datura, 15 species of shrubs, trees or herbs m the warmer 
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parts of the earth; corolla large funnel-shaped; fruit a 
capsule or berry with numerous flat seeds. D. Stramonium 
(Thorn-apple), sometimes found as an escape in Britain, is 
officinal (fig. 239). 

Series B. Embryo straight or only slightly bent. 

Tribe 4. Cestreae. All five stamens fertile. 24 genera, almost 
exclusively American. Nicotiana, 50 species; N. tabacum 
(Tobacco) (fig. 240) and other species are cultivated. Oestrum, 
140 species in .tropical and subtropical America. Petunia, 
14 species, chiefly tropical American. 

Tribe 5. Salpiglossideae. Two to four 
stamens fertile, always unequal; 
flowers obviously zygomorphic. 10 
genera, tropical American and Aus¬ 
tralasian. Salpiglossis (fig. 241) (eight 
species in subtropical South America), 

Schizantkus (11 species in Chile) and 
Brunfelsia (22 species, tropical 
America) arc known in cultivation as 
ornamental plants. 

Solanaceae are most nearly allied to 
Scrophulariaceae, from which the majority, 
or what we may regard as the typical members W A 
(Senes A in the above arrangement), are ^ 241 A FWr of 
separated by the actinomorphic flower, and Salpiglossis, slightlyro- 
the complete staminal whorl, as well as by duced. B. Corolla - 
the bicollateral vascular bundles of the stem, 
while the tribes Cestreae and Salpiglossideae 
approach this family much more nearly, being 
distinguished mainly by the anatomical character, but having 
also a plicate aestivation in the corolla, while in genera which 
in zygornorphv of the corolla closely resemble Scrophulariaceae, 
(he oblique position of the carpels is a distinguishing character. 

Several genera are of economic importance as foods, as Solanum 
tuberosum (Potato), S. Lycopersicum (Tomato), S. Melongena 
(Aubergine, Egg-plant), Capsicum and others. The Potato was 
introduced into Europe from South America by the Spaniards 
between 1560 and 1570. whence its cultivation spread to Italy, the 
Netherlands and Central Europe. It was brought to England, from 
South America, perhaps by Drake, in 1586, and probably first culti- 
\ ated by Raleigh at Youghal in Ireland 1 . Some genera, as Atropa , 
Datura, Solanum, Hyoscyamus, containing strong alkaloids, are of 
use medicinally. Many are garden plants, such as species of Solanum, 

' Sec R. N. Salaman. “The Potato in its early home,” Journ. Roy. Ilort. Soc. 
1937. 253. 9 



duced. B. Corolla-tube 
opened shewing the two 
pairs of fertile stamens 
and a rudimentary'fifth 
stamen, enlarged. 
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Petunia, Nicotiana, Salpiglossis, Schtzanlhus, Datura , or green¬ 
house, as Oestrum and Brunfelsia. Tobacco is derived inai 
from Nicotiana tabacum, Virginian tobacco, a native of Central or 
South America and now widely cultivated ,n temperate and 
warmer countries; it is the source of the tobaccos of Cuba the 
United States, the Philippine Islands, and the Latakia of Turkey . 
East Indian or Green Tobacco is the product of N. rut,,ca a 
native of Mexico and widely cultivated in Southern Germain, 

Hungary and the East Indies. 

Family VIII. SCROPHULARIACEAE 

Flowers bisexual, zygomorphic, hypogynous conforming to 
or derived from the formula S5, P5, A5, G(2), a reduction to 
four or sometimes two occurring in the androecum Calyx 
more or less deeply 4- to 5-partite. Corolla medmnly zygo¬ 
morphic, variously imbricate, not plicate, shape very various. 
Stamens rarely aU fertile, the posterior generally sterile or , 
rarely only two fertile; hypogynous disc annular or ui 
lateral. Ovary bilocular, rarely unilocular, carpels median , 
ovules usually numerous on a thick axile p acen a 
anatropous; style simple or bilobed. Fruit a capsule or some¬ 
times a berry; seeds numerous and small, or few a, larger, 
embryo straight or slightly curved, surrounded by endo 

P Herbs (sometimes liemiparasites or parasites) and onder- 
shrubs, rarely shrubs or trees, with alternate, opposite 0 
whorled exstipulate leaves, and racemose or cymosc mflores 

cenccs. .. 

Genera 205; species about 2600; cosmopolitan. 

According to Wettstein 64 per cent, of the s P eci f 
perennial herbs and undershrubs, 30 per cent, annual herbs 
while shrubs and trees (as Paulo,on,a) arc rare. Then an 
wide differences in habit. The stem may be P r °* tr “ * 
creeping, as in some of our Veronicas and Unarm 
(Ivy leaved Toad flax); generally it is erect, as in Fox-glo , 
Figwort. Mullein, etc. Climbing plants occur for instance 

twiners as Rhodochiton (Mexico), leaf-stalk climbers as An,,- 

rhinum cirrhosum, Mauramlia (Mexico), and others. 1 lie Sou 
African Harveya and Uyobanche are parasites almost dcvoi 
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of chlorophyll, with scale-like leaves, while among British 
plants Lathraea (Tooth-wort) is a leafless root-parasite with¬ 
out chlorophyll; and several genera are hemi-parasites, such 
as Euphrasia, Odontites, Melampyrum and others, which 
though provided with green-leaved shoots attach themselves 
by suckers, which are reduced lateral roots, to roots of 
grasses. Adaptation to life in water occurs in Hydrotriche and 
Ambulia (fig. 242). In anatomical structure, and the frequently 
developed hairiness of stem and leaf, Scrophulariaceae re¬ 
semble Labiatae. 

The leaves are alternate throughout, as in Verbascum, or 
the lower opposite and the upper alternate, as in Antir¬ 
rhinum, or all opposite, as in Mimulus, or whorled, as in 
some Veronicas. All varieties of leaf-arrangement occur in 
the genus Veronica. Heterophylly obtains in certain New 
Zealand species of this genus, shoots with scale-like 
appressed leaves (recalling the habit of a Cypress or Lyco¬ 
podium), and also shoots with flattened spreading leaves, 
occurring on the same plant. Certain aquatic genera, Ambulia 
(South Asia, East Africa, Australia) (fig. 242), Hydrotriche 
(Madagascar) and others have entire aerial leaves and much 
divided submerged leaves. 

The flowers terminate axes of the secondary or some 
higher degree. They are solitary, as in Linaria, Mimulus and 
others, or form spikes or racemes, either terminal, as in 
Digitalis, species of Veronica (F. arvensis) and others, or 
axillary, as in other Veronicas (section Chamaedrys). In 
other cases cymose inflorescences occur, forming dichasia 
arranged in terminal or axillary racemes, spikes or panicles. 
In l erbascum the arrangement becomes highly complicated 
by the formation below each three- to seven-flowered di- 
chasium of two to five accessory dichasia with gradually 
decreasing numbers of flowers. Bracts and bracteoles are 
generally present. When a terminal flower is present it 
shews a radial structure, becoming peloric, as in Toad-flax, 
where symmetry is restored by production of a spur to each 
petal; all the flowers are sometimes peloric, as in the peloric 
form of the garden Snapdragon ( Antirrhinum ). Departure 
from the typically pentamerous calyx is seen in Euphrasia 
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Fia. 242. Ambvlia hottonioides. A. Plant, x 4 . ^Vott-stcirT^ ^ ** 

nat. size. C. Stemcn. enlarged. (After Wottstcin.j 



Piu. 243. Floral diagrams of: A. Verbascum ' ’"CTj B ’ L '" an ' 1 ''»*9 an9 

c, Veronica Chamacdrye. (After Lichltr.) 
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and many Veronicas, where the posterior sepal is suppressed; 
in Pedicular is two to five teeth are present, and in Calceolaria 
the two anterior sepals are completely united. 

The typical medianly zygomorphic corolla shews great 
diversity in form, depending on the length and breadth of the 
tube, which may be almost obsolete, as in Veronica (fig. 244, C), 
or large and bell-shaped, as in Foxglove (fig. 244, D), and on 
the union and development of the limbs, which are spreading, 
as in Veronica, small and suberect, as in Scrophularia (Fig- 
wort) (fig. 244, G), or form a pair of closed lips, as in Linaria 
or Antirrhinum. Linaria is characterised by a spurred 
anterior petal, Diascia (South Africa) by a spur on each of 
the lateral anterior petals. In Calceolaria (fig. 244, B) the 
tube is very short and the limb forms two lips, an upper 
smaller, formed by the union of the posterior pair, and a 
lower larger, formed from the three anterior petals. A regular 
corolla occurs in a few genera; Verbascum has five nearly 
equal segments. In Veronica, Gratiola and others the corolla 
becomes four-lobed by a complete union of the two posterior 
petals (figs. 243 and 244, C). Of the five stamens all may be 
present and equal, as in some species of Verbascum ; generally 
however (as usual in Verbascum) the three posterior are longer 
than the anterior (fig. 244, A). In the great majority the pos¬ 
terior stamen is more or less aborted (243, B), while of the four 
fertile the anterior pair are generally longer than the posterior, 
as in Linaria, Digitalis,etc. In 1 r eronica, Calceolaria and others 
two only are present. The form of the anthers is very various; 
the two chambers are sometimes unequal, they may remain 
distinct or become united above; appendages or hair-develop¬ 
ments are sometimes present. Dehiscence is introrse, generally 
by a longitudinal slit. The two carpels are generally equal; 
in Antirrhinum the anterior is the larger. 

The flowers are adapted for pollination by insects. Nectar 
is secreted by the disc around the base of the ovary, or by 
specialised nectaries on the under side. The differences in the 
form of the corolla are associated with the visits of different 
classes of insects. We may contrast, for instance, the open 
flower with short tube of Verbascum or Veronica, where the 
nectar is more exposed, the long wide tube of Digitalis, where 
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the stigmas and stamens are placed so as to touch the bac 
of the visiting insect (a large bee), the closed flower of Snap¬ 
dragon requiring a certain amount of strength to separate 

the lips, and Euphrasia and others with loose I JO '' | <ier - v p0 ';' 
and appendaged anthers, which when disturbed shake out 

the pollen on the visitor’s head. In spec.es of Man ulus and 
others the stigmas are sensitive to contact m such a way as 
to favour cross-pollination by the visiting insect. There is 



Fig. 244. A. Flower of Verkascum Thaprus cut»„d the style with 
B. Flower of OOuolana, Trent ».«*. ' h ' " 0 Tthe corolla C. Corolla 

capiteto 8 ti K raa project h»>on c the I g I D p Dtglla l, s purpurea. 

with stamens of Veronica officinalis, en g opening along the 

' D. Flower cut longitudinally, ^Jith the minute seeds remains 

septa into two valves, the P{f cen ** , ( . pi ower 0 f Scrophularia nodosa, 

in the centre. F. Seed, much enlarged G blower oi ^ ^ ovcr the 

a proterogynous wasp-flower, in second s g . 1 ; he ,• anti the sterile 

lip of the corolla, the four fertile anthers Warming; the rest after 

B Umen stands erect behind them, enlarged. (G alter « arm. g 

Wettotein.) 

also generally means for ensuring self- in default of c ™ s 
pollination. Cleistogamic flowers occasionally occu , 

“Sf,.**. .. .h. b. J, a.; P— 

pletely enveloped by it. Dehiscence « valvular by two or 
four valves, either loculicidal or sept.c.dal (fig. h 

or, as in Antirrhinum, by pores. Occasionally the fruit .s 
berry. Seeds are generally small and numerous; rarely few 
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and large, as in Veronica . The testa is smooth or variously 
granular, angled or winged. In Linaria Cymbalaria the plant 
buries its seeds by the downward bending of the fruit-stalks. 
Species of Veronica, Lathraea and Melampyrum are classed 
as myrmecochorous. An elaiosome is formed from the raphe 
in the first two genera and from the chalaza in the last. 

Scrophulariaceae find their chief development in the temperate 
regions of both hemispheres, diminishing rapidly towards the 
tropics and colder regions. 

The following are the subfamilies and principal tribes adopted 
by Wettstein in the Pflanzenfamilien. 

A. The two posterior corolla-lobes covering the lateral lobes in 

the bud. 

Subfamily I. Pseudosolanoideae. Leaves alternate, five 

stamens often present. 

Tribe Verbasceae. Verbascum, five stamens (British); Celsia, 
four stamens. 

Subfamily II. Antirrhinoideae. At least the lower leaves op¬ 
posite; the posterior stamen absent or barren. 

Tribe Calceolarieae. Corolla two-lipped w r ith a large concave 
lower lip. Calceolaria, 200 species, chiefly temperate South 
American. 

Tribe Anlirrhineae. Corolla two-lipped, spurred or saccate 
at base. Linaria (British), 95 species, and Antirrhinum 
(British), 32 species, northern hemisphere; Nemesia (South 
Africa). 

Tribe Cheloneae. Corolla two-lipped, not spurred or saccate; 
fruit a capsule or a berry; inflorescence cymose. Collinsia, 
North America, cultivated in gardens; Scrophularia 
(British); Pentstemori, chiefly North American (gardens); 
Paulownia, an arborescent Japanese genus, grown in 
European gardens. 

J ribe (iratioleae. Corolla two-lipped, not spurred or saccate; 
flowers solitary or racemose. Mimulus (Musk), chiefly ex- 
tratropical American, M. guttatus (Langsdorfii ) has become 
widely naturalised by the side of streams in Britain; 

(iratiola ; Limosella (British). 

B. I he posterior corolla-lobes covered in the bud by one or both 

of the lateral lobes. 

Subfamily III. Rhinanthoideae. 

Tribe Digitaleue. Corolla-lobes flat and divergent, or the two 
upper erect; not parasitic. Veronica (British), 200 species 



SCROPHOI.ARIACEAE 


529 


mostly north temperate, but also in New Zealand and 
Australia; Digitalis (British), 25 species, Europe and West 
Asia; Sibthorpia (British). 

Tribe Gerardieae. Similar to Digitaleae, but one of the 
anther-lobes is often reduced. Hemiparasites, or, as m 
the South African Harveya and Hyobanche, parasitic. 

Tribe Rhinantheae . Upper corolla-lol>es forming a helmet-like 
lip Hemiparasites as Odontites , Bartsia , Euphrasia , Blitn- 
anlhus , Pedicularis, M dampy rum, all of which have British 
representatives; or parasitic as Lathraea, which includes a 
few species of root-parasites without chlorophyll and bear¬ 
ing scale-like leaves ( L. Squamuria, Tooth wort, is British). 

Heinricher 1 has studied in detail the development and 
life-history of the Rhinantheae and indicates an interesting 
gradation in parasitism from the he mi parasitic annual forms 
(such as Euphrasia,Odontites and Mclampyrum) to the truly 
parasitic Lathraea , as found in the perennial forms / air - 
cularis, Bartsia and Tozzia, the last named will only 
germinate in association with the host-plant. 

The family is most nearly allied to Solanaceae, the affinity 
being most marked in the tribes Verhasceae and Salpiglossideae 
respectively. Scrophulariaceae are distinguished by the median 
position of the carpels, the aestivation of the corolla, and also in 
most cases by the zygomorphic corolla, and the reduction of the 
posterior stamen; an anatomical distinction is afforded by the 
collateral, not bicollateral, structure of the vascular bundles m 
the stem. Of the other nearly allied families, Orobanchaceae and 
Gesneriaceae differ in their unilocular ovary with parietal placenta- 
tion, and Bignoniaceae and Pcdaliaceae in the absence of endo¬ 
sperm. Acanthaceae and Verbenaceae, which have often a similar 
habit, are distinguished by the structure of the fruit 

The uses of Scrophulariaceae are limited. Digitalis and other 
genera are or have been used in medicine, and many genera are 
cultivated in garden or greenhouse for their showy flowers. 

The small family (IX) Selaqinaceae is regarded by 
Wettstein as a tribe of the subfamily Antirrhinoideae of .Scro¬ 
phulariaceae, with which it is certainly closely allied. It consists 
of about 120 species of herbaceous or shrubby plants of heath-lik* 
habit mainly South African, but found also in Madagascar and 
on the mountains of tropical Africa. The small strongly zygo¬ 
morphic hypogynous flowers are aggregated in heads or spikes; 

* Heinricher E. “ Die crunen Halbschmarotzor.” Jahrbucherf. it usacMchaft- 
lirk' ZZX ixx,. 77 (1897); XXXII, 389 (1898); XXXV,. 665 (1901); XXXVI, 

264 (1902). 
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the plan of structure is that of Scrophulariaceae (fertile stamens 
four or two, anthers becoming one-celled), but there is a single 
pendulous ovule from the top of each cell of the ovary and the 
fruit consists of two achenes which become free when ripe; the 
achenes are often unequal and one may be sterile or obsolete. 
Principal genera, Hebenstreitia and Selago ; species of the former 
are grown in the greenhouse. 

The closely allied family (X) Globulariaceae, with 20 species, 
mainly South European and Mediterranean, comprises perennial 
herbs or shrubs, with simple alternate exstipulate leaves and 
small hypogynous zygomorphic flowers crowded in a head sur¬ 
rounded by an involucre of bracts. The individual flower with its 
tubular calyx, markedly two-lipped corolla, and didynamous 
stamens suggests Labiatae, but the ovary is unilocular, with a 
single anatropous ovule pendulous from the apex; the style is 
terminal with a capitate or short two-lobed stigma. The fruit 
is a one-seeded nutlet enclosed in the persistent calyx. Most of 
the species belong to the alpine and Mediterranean genus Glo- 
bularia. Bentham and Hooker included the family in Selaginaeeae; 
it may be regarded as a further development of the tendency 
expressed in that family to aggregation of the flowers and reduc¬ 
tion in the gynoecium. 

Family XI. OROBANCHACEAE 

Flowers bisexual, medianly zygomorphic. Calyx hypogynous, 
gamosepalous, two- to five-partite. Petals five, imbricate, united 
to form a two-lipped corolla. Stamens four, didynamous, epi- 
petalous. Carpels two, median, rarely three, ovary superior, uni¬ 
locular, placentas (two to six) parietal, often T-shaped in section 
and variouslv branched; ovules indefinite, anatropous; style single; 
stigma terminal, often two- to four-lobed. Fruit a capsule de¬ 
hiscing loculicidally; seeds minute, containing a few-celled un¬ 
differentiated embryo in an oily endosperm; testa pitted or rough. 

Annual or perennial parasitic herbs containing little or no 
chlorophyll, with scale-like leaves and flowers in a terminal 
raceme, rarely solitary and terminal. 

The members of this family live parasitically upon the roots of 
other plants to which they attach themselves by root-suckers. 
The seeds of Orobanche will only germinate when in contact with 
the root of the host-plant. In Phelipaea, a genus with two species 
in Asia Minor, parasitic on Centaurea, the scarlet flowers are 
solitary; usually however the aerial upright stem bears a raceme 
or spike of flowers, as in our British Broomrape ( Orobanche ); in 
Orobanche ramosa it is branched. Each flower stands in the axil 



OROBANCHACEAE 


531 


of a bract and a pair of bracteoles are also often present on the 
pedicel. The form of the calyx shews considerable variation 
affording useful systematic characters. It is typically pentamerous, 
but reduction or suppression of one or more members may occur; 
thus the anterior lateral sepals are absent in some species of 
Orobanche. The posterior stamen is always suppressed ; the anthers 
dehisce lengthwise; occasionally one half-anther is barren, as in 



Fro. 245. Orobanche wryophyUacm. A. Flower .spike and lower part of stem, 
reduced B. Corolla cut 0 |KM> shewing iio*ition of stamens, enlarged. 
C. Floral diagram. (A, B after Rcichenbach; C after Kiel,I, r.) 


the tropical Asiatic Christisonia. The two carpels are median; 
where three are present, as in three monotypic Asiatic genera, 
the odd one is posterior. Each cari>cl bears two parietal placentas, 
which may unite in pairs at the ventral edge or become displaced 
towards the middle line of the carpel; they art* often branched. 
In Chrislisonia the ovary becomes two-celled below by union of 


the placentas. 


34--’ 
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The flowers are proterogynous and pollinated by insects, which 
are attracted by the scent and the nectar secreted at the base of 
the stamens or ovary. 

The capsule has a leathery pericarp splitting loculicidally in 
dr 3 r ing; the minute seeds, which are produced in great numbers, 
have a honeycombed testa and are readily' earned by the wind. 

The 14 genera contain about 130 species, which are almost 
confined to the northern hemisphere, reaching their greatest 
development in the warm temperate zone of the Old World. 
Orobanche contains 100 species, nine of which are British: some 
occur only on definite host-plants, for instance, O. Hederae on Ivy; 
others are confined to single genera, or families, or occur, like 
O. minor or O. ramosa, on species of various families. They may 
become dangerous pests to cultivation, as O. ramosa in Hemp 
and Tobacco fields, or O. minor on Clover. 

The Orobanchaceae have been regarded (as by Baillon and 
Warming) owing to the unilocular ovary as a parasitic offshoot of 
the Gesneriaceae. The genera of Gesneriaceae are however strictly 
autotrophic. The Scrophulariaceae, on the other hand, include 
various degrees of parasitism in the tribes Gerardieae and Rhin- 
antheae ; thus in Gerardia some species are tall leafy plants with 
slight root-parasitism, as G. flava, and from these, transitions, 
shewing increased parasitism, lead to G. aphylla, which has very 
small leaves and is almost completely parasitic. The South African 
genera Harveya and Hyobanche are completely parasitic, the latter 
having a short fleshy stem covered with scale-leaves and a dense 
spike of flowers suggesting in its habit the Orobanchaceae. 
Heinricher s intensive morphological and physiological studies on 
the Rhinantheae indicate a very close relationship between such 
genera as the heiniparasitic Barista , and Tozzia , which is success¬ 
ively holoparasitic and heiniparasitic, and the completely parasitic 
Laihraea , which on account of its incompletely two-celled ovary 
has been included in Orobanchaceae. Boeshore 1 has recently 
reviewed the evidence for regarding the Orobanchaceae as a 
direct continuity of the line of parasitism developed in the 
Scrophulariaceae. 

Family XII. GESNERIACEAE 

Flowers bisexual, zygomorphic, with the formula S5, P5, 
A5 or 4 or 2, G(2). Calyx gamosepalous, teeth generally 
short, with valvate aestivation. Corolla gamopetalous, tube 
generally well-developed, often two-lipped, aestivation im- 

1 Contribution* from the Botanical Laboratory of the University of Pennsylvania, 
v, 139 (1920). 
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bricate. Stamens generally four, didynamous, epipetalous; 
disc obvious. Ovary superior or more or less inferior, uni¬ 
locular, sometimes imperfectly bilocular by the ingrowth of 
the parietal placentas; ovules indefinite, anatropous; style 
simple, stigma usually bilobed. Fruit a two- or four-valved 
capsule, sometimes indehiscent and fleshy; seeds numerous, 
small; endosperm present or absent; embryo straight. 

Generally herbaceous or slightly woody plants, with 
opposite entire exstipulate leaves and solitary or cyrnose 
showy flowers. 

Genera about 100; species about 1100: mainly tropical and 
subtropical. 

The members of this family are herbs or more or less 
woody undershrubs, rarely arborescent; some are tree- 
climbers, attaching themselves by adventitious roots pro¬ 
duced at the nodes. Sinningia speciosa (the Gloxinia of 
greenhouses) is an example of a tuberous habit which is met 
with in the subfamily Gesnerioideae. the tuberous thickened 
rhizome producing annual aerial shoots. These species are 
propagated by leaf-cuttings. A more frequent habit in this 
subfamily is associated with the production of generally 
subterranean runners which are thickly covered with scale- 

leaves. 

In the other subfamily, Cyrtandroideae, a remarkable re¬ 
duction of the axis is found in species of Streptocarpus and 
other genera. In some of these the adult plant has but one 
leaf, which is a much developed cotyledon, the second 
cotyledon having perished early in the life of the plant (fig. 
247). Attachment and nutrition are obtained by adventitious 
roots from the base of the leaf from which spring also 
the flower-bearing shoot and adventitious leaf-shoots. The 
adult plant is thus comparable with an individual which, as 
in Sinningia, has been developed vegetatively from a leaf. 

To the same subfamily belongs the large Indo-Malayan 
genus Aeschynanthus, comprising subshriibby epiphytes with 
fleshy or leathery leaves. 

The leaves are simple with an entire or toothed margin, 
they often have a soft thick hairy covering. They are generally 
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decussate, sometimes in whorls of three or four, rarely 
alternate. Stipules are absent. 

The flowers may be solitary in the leaf-axils but are 
generally arranged in denser or looser cymose inflorescences; 
they are showy and markedly zygomorphic (except Ramondia). 
The calyx is usually tubular with five more or less equal 
teeth. The form of the corolla shews considerable variation 
from the rotate almost regular form characteristic of Ra¬ 
mondia , a small South European alpine genus, to the bell¬ 
shaped zygomorphic Gloxinia type. Associated with the 
more regular corolla is the presence of five stamens ( Ramondia ), 
while in the majority of the genera the zygomorphy is ex¬ 
pressed by four didynamous stamens; a further reduction to 
two fertile stamens is frequent in the Cyrtandroideae. The 
form of the anther, the development of the connective and 
the position of the cells afford good generic characters, as 
also does the structure of the disc, which may be ring-like or 
lobed or form five or fewer distinct nectaries. The position 
of the ovary allows a separation into two distinct subfamilies, 
Cyrtandroideae. having a superior, and Gesnerioideae, having 
a more or less inferior ovary (fig. 246). 

1 he large bright-coloured flowers, their zygomorphy, and 
the general arrangement of the stamens and style indicate 
adaptation to insect-pollination. 

I he fruit is generally a two- or four-valved capsule de¬ 
hiscing loculicidally; in Ramondia and allied genera it is 
septicidal. Fleshy beny-like fruits are characteristic of 
Cyrtandraj a large genus found chiefly in the islands of the 
Indian and Pacific Oceans. 

The seeds are small and numerous, with a considerable 
amount of endosperm in the Gesnerioideae, or none or only a 
trace in Cyrtandroideae. 

The species inhabit mainly the tropical and subtropical 
portions of both hemispheres. The family is represented in 
Europe by two endemic genera, Ramondia (four species, in¬ 
cluding Jankaea ), and Haberlea (one species), found only in 
the Pyrenees and the mountains of the Balkan peninsula. 
Allied to these is the small tropical East African genus Saint- 
paulia ; one species, S. ionantha , is well-known in cultivation. 
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Fla. 246. ,4c/nmencs coecinca. A. Flowering ahootri^uced. B■ FJo ""Jh 
vertical section, x 3. C. Ovary in transverse section, x 8. D. beed. mu 

enlarged. 
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Fio. 247. Slreplocarpua Wendlandu. A. Plant above-ground, reduced B. Port ion 
of corolla cut open, shewing the two fertile stamens, enlarged. C. I tstil. 

enlarged. (After Hot . Mug.) 
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The principal genera in the two subfamilies are: 

Cyrtandroideae. Ramcmdia; Didymocarpus, 100 species, 
mostly Indo-Malayan; Slreptocarpus, 50 species, mainly South 
Africa and Madagascar; S. polyanthus and others are cultivated; 
Aeschynanthus, 70 species, Indo-Malaya and South China; Bes- 
leria , 50 species, tropical America, the fruit is generally a berry; 
Cyrtandra, 180 species, mainly in the islands of the Indian and 
Pacific Oceans, also known in cultivation; Columnea, 100 species, 
tropical America. 

Gesnerioideae. Achimenes, 25 species, tropical America, cul¬ 
tivated; Sinningia, 20 species, Brazil; S. speciosa is the well- 
known Gloxinia of greenhouses; Gesneria , 35 species mainly West 
Indian. 

The Gesneriaceae are closely allied to the Scrophulariaceae, 
Orobanchaceae and Bignoniaceae, and it is difficult to draw sharp 
distinctions between the four families. Bignoniaceae are separated 
by the siliqua-like wood}' fruit and large generally winged seeds; 
frequently also by the divided leaves, the habit and the anomalous 
structure of the wood. The best distinction from Scrophulariaceae 
is the unilocular ovary. Orobanchaceae are sometimes regarded 
as a parasitic degenerated group of Gesneriaceae. 


Family XIII. PEDALIACEAE 

A small family of annual or perennial herbs, more rarely shrubs, 
with opposite leaves, or the upper leaves spirally arranged, and 
generally axillary flowers. Mucilage-containing glandular hairs 
are common. 

The flowers are bisexual and zygomorphic, with five united 
sepals and petals and four didynamous stamens, the fifth stamen 
being represented by a small staminode. The two carpels form a 
superior two- to four-chambered ovary (inferior in Trapella ); the 
chambers may be more or less completely divided by the develop¬ 
ment of false septa. There are one to many ovules on an axile 
placenta in each chamber. The fruit is a capsule or nut, often 
winged or provided with thorns or hooks. The seeds contain a 
straight embryo surrounded by a thin layer of endosperm. 

There are about 60 species in 16 genera, mostly shore- and 
desert-plants in tropical and South Africa, Madagascar, the Indo- 
Malayan region and tropical Australia. Sesamum , the largest 
genus, contains 16 species in tropical Africa and two in further 
India; Sesamum indicum (Sesame) is widely cultivated in the 
warmer parts of both hemispheres for its oily seeds; it was known 
to the old Greeks and Romans. Harpayophytum (two species in 
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South Africa) has large woody fruits which bear stiff barbed 
processes. 

Trapella 1 , an aquatic herb with broad floating leaves and 
narrow submerged leaves, a genus with two species in China and 
Japan, forms a distinct subtribe characterised by its inferior 
ovary and only two fertile stamens. 



Flo. 248. Swam urn indicant. A. Portion of plant shewing flower* and fruit. 

slightly reduced. B. Corolla opened from the front. C. V '’ . li,,Ltlv 
D. Transverse section of ovary, much enlarged. E t ruit delusc in . I gl I 
reduced. F. Seed. G. Seed cut lengthwise, x u. (A, C , I>, h att< r . tap!.) 


Martyniaceae (XIV) form a small tropical and subtropical 
American family with three genera and nine species which are 
often included in Pedaliaceae but may be distinguished by then 

1 Oliver, F. W. “On the structure, development and affinities of Trapella. 
Annals of Botany , ii, 75 (1888). 
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unilocular ovary with parietal placentation. The fruit is a homed 
capsule, the soft outer layers of the pericarp falling and leaving 
a woody endocarp. The T-shaped placentas becoming united with 
each other and the woody endocarp tend to form a four-chambered 
interior. 

The monotypic genus Martynia is an annual herb, probably a 
native of Mexico but now found in the tropics of both hemi¬ 
spheres. The stigmas are sensitive, and the fruit (fig. 249) bears 
two long curved horns, an admirable adaptation for distribution 
by attachment to the coats of large animals. 



Flo. 249. Fruit of Martynia luiea , x 

Family XV. BIGNONIACEAE 

Flowers bisexual, zvgomorphic, with the formula So, P5, A4, 
(5(2). Calyx gamosepalous. Corolla usually bell- or funnel-shaped 
with descending imbricate aestivation. Stamens springing from 
the lower part of the corolla-tube, didynamous, the posterior 
represented by a staminode; anthers two-celled, the cells usually 
placed one above the other, dehiscence longitudinal; hypogvnous 
disc present. Ovary superior, bilocular, more rarely unilocular; 
ovules numerous, anatropous and usually erect on axile placentas; 
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style simple, filiform; stigma bilobed. frruit generally a two- 
valved capsule containing numerous large flattened membranous¬ 
winged seeds; more rarely fleshy and indehiscent; endosperm 
absent. 


Trees or shrubs, often climbers, with opposite-decussate 
generally compound exstipulate leaves, and showy flowers. 
Genera 110; species about 550; mainly tropical. 



Fio. 250. Crtacentia Cujete (Calabash). A. Portion of woody stem bearing a y en U 
loaf-shoot and flowers. B. Flower in vertical section; stammode. <-. * nit. 
D. Seed. E. Embryo: the radicle is concealed by the nuncltsof > 

ledon. A. B. { net. si/.e: D. E. 1 nnt. sue. C. further reduced. (C after 

K. Schumann; I), E after Micro.) 

They are nearly all woody plants, and many are banes com¬ 
prising a large proportion of the climbers of the tropical American 
forests. The climbers include both twiners and root-dim hers but 
the great majority are tendril-climbers. The tendrils are at tin 
end** of the leaves representing modified leaflets. tht \ art simp t 
or branched and in some cases end in adhesive discs or in hooks 
Their stems shew anomalous secondary thickening. >< " 00< 
being often more or less divided into wedge-shaped areas from tlu* 
failure of the cambium to form wood in the intervening s I ,aceS o 
Another type, examples of which are found in t le ra/.i u 
campos, shews a xerophvtic habit with reduc ed stems. 
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Crescendo (including the Calabash), Jacaranda and Catalpa 
include many fine trees; Catalpa bignonioides is often grown 
in our parks and gardens. 

The flowers are generally arranged, following the phyllotaxy, 
in opposite-decussate compound inflorescences, which are usually 
dichasia passing into monochasial cymes; both bracts and 
bracteoles are present. They are sometimes produced on the old 
wood (cauliflory), as in the Calabash (fig. 250). The calyx shews 



Fn:. 2.>1. Fruit of Pithirocttnium mut icalum, x j. One valve has been removed 
exposing the other valve on which the membranous winged seeds are 
densely packed. Above is a single seed. 

considerable variation in form and structure and the manner of 
opening, the differences affording useful generic characters. The 
showy corolla is generally bell- or funnel-shaped, rarely two-lipped; 
the posterior stamen is generally present as a small filiform 
staminode (fig. 250, B, s). The pollen is remarkably uniform, the 
grains being spherical with three equatorial bands in which the 
germ-pores are situated. A unilocular ovary is found in Eccre- 
morarpus and in the Crescentieae, but the latter include all stages 
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between unilocular and completely bilocular. 1 he ovules are 
almost always anatropous with the micropyle directed downwards; 
the placentas in the unilocular ovaries are parietal, in the bilocular 
the numerous ovules are arranged in two or more rows on the 
vertical septum. The shape of the capsule and the method of 
dehiscence afford the best characters for the distinction of genera; 
in the most frequent form the two woody valves separate siliqua- 
like from the septum on which the flattened winged seeds are 

densely packed (fig. 251). 

The Crescentieae are characterised by an indehiscent fruit, the 
frequently hard tough exocarp containing a juicy pulp m w Inch 
the seeds are embedded. They are often large and gourd-like, as 
in the Calabash (Crescentia CujeJe) (tig. 250). 

The chief centre of distribution is found in tropical .South 
America, especially Brazil. C'atalpa is common to the east and 
west hemispheres; C. bignonioides is a native of the has tern 
United States; two closely allied species are natives of Japan and 
North China, and two others occur in Cuba. The small genus 
Campsis has a similar distribution with two species m North 
America and one in Japan; C. radicuns (often known as Team,a 
rculicarui), a native of Atlantic North America, is a handsome 
root-climber. The chief distinction from the Scrophulanaceae lies 
in the structure of the fruit and the large often winged seeds and 
absence of endosperm. They also differ in their habit aiu g<<>- 
graphical distribution, being mainly tropical lianes or trees. 


Family XVI. LENTIBULARIACEAE 

Flowers bisexual, zygomorphie, with the formula S.i. 1 •>, A2, 
G(2). Calyx often two-lipped. Corolla two-lipped, lower lip saccate 
or spurred. Stamens attached to the base of the corolla, anthers 
unilocular. Carpels forming a unilocular ovary with free-central 
placenta bearing numerous anatropous ovules somewhat sunk m 
its tissue, or only two ovules; stigma sessile, two-lobcd with the 
posterior lobe much reduced. Fruit a manv-seede< capsu c 
opening by two to four valves or by a ring-like or irregular slit 
or indehiscent and one-seeded; seeds generally small, without 

endosperm; embryo varying in form. 

Insectivorous herbs of very different habit, often aquatic or 
marsh-plants; flowers solitary or generally in a raceme or spi <■ • 

Genera five; species about 250; tropical and temperate. 

About 200 of the species are included in f tricularw a genus 
widely spread in the tropical and temperate parts of the earth. 
Many of its species are aquatic, as our native Bladderwort; hum 
are submerged rootless water-plants with Hnely-di\u et ° 1 
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which are borne bladders (fig. 252, F, G); the mouth of the bladder 
is closed by a valve (y), opening inwards in response to a stimulus 
conveyed by four sensory hairs ( 5 ), and immediately closing 
again, thus forming a trap for small aquatic animals, the pro¬ 
ducts of decay of which are absorbed by hairs lining the 
wall of the bladder 1 . The flowers are borne on long racemes 
projecting above the water; the flowering shoots are some¬ 
times provided with inflated swimming leaves. Other species 
are land-plants, often growing among moss, with long runner-like 
shoots on which the bladders are borne; while others are epiphytic 
(as U. montana) and have a much-branched rhizome with tuber- 
like thickening containing water-storing tissue. The terrestrial 
and epiphytic species have simple entire leaves. 

The embryo consists of a cell-mass bearing only a few leaf- 
rudiments; in germination it forms a rosette of bristle-like primary 
leaves, and there is no primary root. Goebel has shewn that the 
ordinary distinctions between stem and leaf do not hold in 
Utricularia, precisely similar rudiments may form leaves, bladders 
or shoots. 

The other British genus, Pinguicula (Butterwort), contains about 
30 species, chiefly northern extratropical. Their habit is very 
uniform; they are perennial herbs growing in damp places 
attached by true roots, often alpine, with a rosette of simple 
entire leaves and one-flowered axillary leafless scapes. The upper 
surfaces of the leaf bear glandular hairs, the sticky secretion 
on which, often aided by inrolling of the leaf-margins, captures 
small insects and renders soluble the proteid material of their 
bodies which is then absorbed. The embryo has generally a single 
cotyledon. 

('lenlisea , a tropical American and African genus, is a land-plant 
with densely crowded rosettes of simple foliage-leaves and peculiar 
pitcher-like leaves appressed to the soil; the lowest portion of the 
leaf forms the pitcher, above which is a long tubular neck ending 
in a pair of twisted spreading limbs. The limbs are lined like the 
neck with bristles pointing towards the pitcher, an entry to which 
is facilitated while an exit is prevented. 

Poly pom pholyx is a small genus occurring in tropical Australia 
and South America; the plants resemble the land forms of 
I'tricularia. Biorularia (two species), a West Indian genus of 
small swimming water-plants, resembles I'tricularia in habit, but 
is distinguished by the ovary containing only two ovules, which 
are united, and the one-seeded indehiscent fruit. 

* See Withycomho, C. L. “On the function of the Bladders in Utricularia 
vulgaris.” .fount. Linn. Soc. (Rot.) xi.vi, 401 (1924). 
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Pollination has been studied in European species of Vtricularia 
and Pinguicula, which are entoinophilous. The broad lower lip of 
the flower gives a resting-place for the insect which, in probing 
for nectar in the spur, comes first in contact with the stigma-lobe, 
which in Vtricularia is sensitive, closing on being touched. In 



Flo. 252. A-E. U tricut aria Musa. A. Plant, j nat. size. B. Floral diagram. 
C. Flower, x 4; e, crest on the lip. behind which are scon the two anthers, o. 
and the upper part of tho pistil. D. Pistil, x 5. E. fruit *» ' '' r 11 “ 81 ^ ’ 

enlarged. F. Pitcherof IJ.intermedia in section, x 8; •«. sensory hairs. val'i. 
G. Stellate hairs on inner surface of pitcher, much enlarged. (B after l.nhkr. 
F, G after Withycombe.) 


withdrawing its head the insect carries off pollen from the anthers 
Cleistogamic flowers occur in species of Vtricularia. 

Lentibulariaceae are most nearly allied to Scrophulariaeeae, 
which they resemble in the zygomorphic flower, the reduction 
in the androecium, the median position of the carpels and the 
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capsular fruit. They are distinguished by the unilocular ovary 
with the free-central placentation. Their insectivorous habit is 
also distinctive. 

Family XVII. ACANTHACEAE 

Flowers bisexual, medianly zygomorphic, hypogynous, con¬ 
forming to or derived from the formula S5, P5, A5, G(2), 
with generally a reduction to 4 or 2 in the androecium. 
Calyx more or less deeply 5-, sometimes 4- (rarely 3-) partite. 
Corolla often bilabiate. Stamens when four generally di- 
dynamous; one or two starainodesoften present; anthers often 
spurred and hairy, the halves frequently inserted at different 
heights, dehiscence generally longitudinal; pollen very various 
in form; hypogynous nectar-secreting disc variously developed. 
Carpels median; ovary bilocular with 2 (rarely l)-co ana- 
tropous or amphitropous ovules in the middle line of the 
septum; style simple, generally long; stigma shortly two- 
lobed, the posterior lobe often reduced. Fruit a loculicidal 
capsule (rarely a drupe) with generally 4^oo seeds supported 
on a development (often hook-like) of the funicle (retin¬ 
aculum or jaculator); endosperm absent (except in the small 
subfamily Nelsonioideae). 

Herbs or shrubs, more rarely trees, with opposite-decussate 
exstipulate leaves and cymose or racemose inflorescence. 
Cystoliths are often present in the epidermis or parenchyma 
of the stems and leaves. 

Genera 220; species over 2000; in the warmer parts of the 
world. 

Acanthaceae are mostly inhabitants of tropical to sub¬ 
tropical forests, growing especially in damp or marshy places. 
Some are however xerophytic, as Barleria , Blepharis, or 
Acanthus, the leaves and bracts of which are often more or 
less spiny. Climbing plants are represented by Mendoncia , 
Thunbergia and allies, the stems of which also shew abnormal 
secondary thickening. Arborescent species are rare. 

In the usual mesophytic type the leaves are thin and 
delicate with entire margin, while in the xerophytes the 
lamina is more or less reduced and spiny. The cystoliths are 
a very characteristic feature, absent only in a few groups of 
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genera; they are found generally in the epidermal cells of the 
leaf and stem and their form is characteristic of single genera 
or tribes. 

The most frequent type of inflorescence is the cymose, 
namely dichasial passing into monochasial in the higher 
branching; it is often in the form of short axillary clusters. 
Spicate and racemose inflorescences are also frequent. Bracts 
and bracteoles are generally well developed and often brightly 
coloured, adding to the attractiveness of the inflorescence. 



Fio. 253. Acanthus mollis. A. Flower, side view, x {; b, bract; s, posterior sepaI; 
l, lateral sepal; r, corolla. B. Flower opened out, three petals form the lower 
lip, tho upper lip is absent. C. One pair of stamens. D. A pollen-gram, 
x 450. E. Ovary in longitudinal section, x 2J. F. Capsule shewing the two 
valves; j, the jaculator. G. Seed in longitudinal section. H. Seed in trans¬ 
verse section. (After Lindau, except F.) 

In the Mendoncioideae and Thunbergioideae the bracteoles 
are large, forming an involucre round the tube of the flower. 

The structure of the flower is very uniform. In Thunbertjia 
the calyx is often reduced to a narrow seam, its protective 
function being transferred to the large bracteoles. The corolla 
has a longer or shorter often slender tube which passes 
above into an almost equally five-lobed limb, as in Vhunberyia , 
the large genus Ruellia and many other genera, or the limb 
is more or less deeply two-lipped. The upper lip is generally 

35 
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straight and erect and bifid at the apex, but is completely 
absent in Acanthus and allied genera, the corolla being cut 
away almost to the base of the tube (fig. 253, B). The lower 
lip is sometimes rolled up but generally more or less hori¬ 
zontal, forming a platform for insect-visitors, and three-lobed; 
the inner side of the lip is often more or less densely hairy, 
the hairs often extending to the mouth of the corolla. The 
subfamily Acanthoideae, which includes the great majority 
of the genera, is subdivided according to the aestivation of 
the corolla into the Contortae where the lobes are contorted, 
and the Imbricatae where they are imbricate. 

There are rarely five fertile stamens, as in the small 
Brazilian genus Pentstemonacanthus ; more often there are 
four, didynamous, while in the Imbricatae there are generally 



Fin. 2")4. Axystasia. A. Flower in vertical section, x 2. B. Fruit open, shewing 
the two seeds in each valve, nat size. C. A seed with its jaculator, x 3. 
(After Lindau.) 


two. The posterior stamens are the first to be reduced to 
staminodes or to disappear completely; Brillantaisia is ex¬ 
ceptional in that the anterior pair are staminodial. The fila¬ 
ments are generally quite free and project from the mouth 
of the flower; in Thunbcrgia the stamens are short and in¬ 
cluded in the tube. The anthers shew great variety in form 
and position in different genera; they are two- or one-celled; 
in the latter case a rudiment of the second cell may be 
present. In the two-celled, the cells are equal and approxi¬ 
mated at the same level, or more or less separated by a 
development of the connective, when they are often different 
in size and at different levels; the lower is often spurred. The 
form and sculpturing of the pollen-grains shew a remarkable 
diversity and afford useful characters for generic distinction. 
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The ovary is more or less elongated and passes above into 
a long narrow style which projects from the mouth of the 
flower, ending in two small variously-shaped stigmas: the 
posterior stigma is often reduced. The species are generally 
markedly proterandrous. 

Except in the small subfamily Mendoncioideae, where it is 
a one- or two-seeded drupe, the fruit is always a bilocular 
capsule splitting loculicidally to the base and bearing 2-10 
seeds, arranged in a double row, on each valve. In the small 
subfamily Nelsonioideae the seeds are small and numerous. 
In the latter and in the subfamily Thunbergioideae the 
funicle is enlarged to form a papilla below the hilum and the 
seeds are spherical; the efficient seed-ejecting mechanism of 
the Acanthoideae is absent but the pointed tips of the capsule- 
valves, as in Nelsonia, may be effective in clinging to an 
animal’s fur and causing the small seeds to be jerked out. 

In the Acanthoideae the funicle forms a hook-like pro¬ 
jection, the jaculator, in which the seed rests; the woody 
capsule opens elastically, the two valves separating to the 
base and springing backwards, causing at the same time an 
oscillation of the longer or shorter stiff stalk. As a result the 
seeds are thrown out, the jaculator, which is usually slightly 
twisted to the side, directing the flat lens-shaped seeds in a 
lateral direction so that the seeds from the four rows are 
sent cross-wise in four directions. In the section Contortae, 
where the capsule is only shortly stalked and the distributing 
mechanism therefore less effective, special adaptations of the 
seed-coat occur, as, for instance, in the form of closely lying 
toothed scales which become erect and mucilaginous when 
damp, thus readily clinging to a suitable object (as in Cros- 
sandra), or more generally there is a covering of long uni¬ 
cellular hairs which when dry lie close and form a smooth 
coat but when wetted stand up and become mucilaginous; 
these occur also in Nelsonia, where they are barbed at the 

tip. 

Though mainly tropical, the family spreads beyond the 
tropics in most parts of the world. Thus in the Mediterranean 
region and South Europe, several species of Acanthus occur 
as steppe and desert plants. Similarly it is represented in the 
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southern United States, extratropical Australia, South 
Africa, China and Japan. 

Many genera are favourite ornamental, mainly greenhouse 
or hothouse plants, by reason of their brightly coloured 
flowers, which are sometimes large or massed in conspicuous 
inflorescences in which the bracts may also play an attractive 
part, or their variegated spiny leaves. Among these are 
Barleria, Ruellia, Justicia, Jacobinia, Thunbergia (climbing) 
and others. 


Order 5. PLAN TAGIN ALES 
Family PLANTAGINACEAE 

Flowers generally bisexual, regular, conforming to the formula 
S4, P4, A4, G(2); ovary four- to one-chambered; ovules several to 
one on a central placenta, anatropous. Fruit a transversely 
dehiscing capsule or a nut. Embryo straight, surrounded by 
fleshy endosperm. 

Generally herbs, sometimes shrubby with woody stems; leaves 
generally alternate and narrow. Flowers small, crowded in heads 
or spikes on axillary scapes. 

The family contains the genus Planlago, with 200 species, 
world-wide but. mainly in the temperate zones; Litorella, two 
species, Europe and Antarctic, and the monotypic genus Bougueria 
on the high Andes. 

The British species of Plantago (Plantain) are small herbs with 
radical generally narrow leaves and parallel nerves, and this 
habit is the most general one, though erect branched sometimes 
woody species also occur. They are often xerophytic, inhabiting 
dry waste places, or maritime or alpine localities. Each flower 
stands in the axil of a bract; bracteoles are absent and the four 
teeth of the tubular calyx are placed diagonally. The membranous 
corolla has a four-toothed limb; the stamens have large versatile 
anthers containing smooth dry pollen, and long slender variously 
coloured filaments projecting from the mouth of the corolla. The 
ovary is generally two-celled, or four-celled through development 
of false septa: the filiform style bears stigmatic hairs. 

Pollination is generally effected by wind. The flowers are protero- 
gynous: the somewhat feathery stigmas project from the unopened 
flower but remain receptive while the stamens mature so that 
self-pollination is possible. The upper flowers in the female stage 
may be pollinated by pollen from the lower more advanced flowers 
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on the same spike (fig. 255. B). Departures occur from the normal 
type of flower; female (or more rarely male) as well as bisexual 
flowers are found sometimes, either on the same or different plants, 
and dimorphic flowers have also been observed. Indications of 
entomophily are associated with these. The spikes are rendered 
more or less conspicuous by the colour of the filaments, especially 
in P. media, where they are violet and the flower has a sweet 
scent and attracts bees in addition to the flies which occasionally 



Fia. 265. Plantago major. A. Plant, the upper portion of the four longer spikes 
cut off, X J. B. Portion of spike. * 3; the upper Mowers in the female con¬ 
dition, the lower (older) in the male. C, D. Flowers in the two successive states 
further enlarged, in I) in vertical section, x 8. E. Fruit with eircumseissile 
dehiscence, *8. F. Fruit cut across. G. Seed cut longitudinally, * 12. 


visit this and other species. In this species H. Muller distin¬ 
guished an anemophilous and an entomophilous form, tin* latter 
having shorter scapes, shorter reddish filaments, more adhesive 
pollen and only slightly projecting stigmas. P. lanceolata (Rib¬ 
wort) is also visited by the honey-bee, which renders the pollen 
adhesive by pouring honey upon it; Pelpino distinguishes a 
dwarf entomophilous mountain form with short spikes and 
stamens. 
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Litorella is a small creeping perennial herb growing on edges of 
lakes and ponds, with tufts of radical awl-shaped leaves and 
unisexual flowers in groups of three, a stalked male with versatile 
anthers on long filaments, and on either side a sessile female with 
a long feathery style; the female mature earlier. The fruit is a 
one-seeded nut. Submerged plants do not flower but spread by 
means of long runners. L. unijlora occurs in North and Central 
Europe (British); a second species is a native of Antarctic South 
America. 

Plantaginaceae are an anomalous family of doubtful affinity. 
They are probably reduced from a sympetalous group with 
entomophilous flowers and are perhaps placed most naturally 
near Tubiflorae—the position generally assigned to them in recent 
svstems of classification. 

V 

(6) Inferae 

Flowers tetracyclic with inferior ovary; generally regular 
with isomerous stamens but with an increasing tendency to 
zygomorphy of the flower in the order Rubiales (compare 
especially Caprifoliaceae, and Valerianaceae, and also the 
subfamily Lobelioideae of Campanulaceae in the order 
Campanulales); also with a development of zygomorphy 
associated with the aggregation of the flowers in heads, the 
outer series of flowers of which tend to become zygomorphic. 
There is an increasing tendency in both orders to reduction 
of the number of carpels and ovules culminating in an uni¬ 
locular ovary with a single ovule, and also to reduction or 
late development of the calyx, which in the most advanced 
families becomes merely an organ for dissemination of the 
drv one-seeded fruit. 

Two orders, Rubiales and Campanulales. 

Order 1. RUBIALES 

Flowers typically bisexual, regular to zygomorphic, tetra- 
merous or pentamerous; stamens generally equal in number 
to the corolla-lobes, sometimes fewer; carpels generally fewer. 
Ovary inferior, rarely half-inferior, one- to several-chambered 
with oo—l anatropous ovules. 

Woody plants or herbs with opposite generally simple 
leaves, and usually cymose inflorescences. 
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The group is a natural one and the families illustrate a 
gradual reduction in the number of parts of the flower 
associated with an increasing tendency to zygomorphy in 
adaptation to insect-pollination. Rubiaceae and Caprifoli¬ 
aceae are mainly woody plants, but the herbaceous develop¬ 
ment is indicated, especially in the former, the plants of 
which include a wide range of habit. In Valerianaceae and 
Dipsacaceae the herbaceous habit prevails. The inflorescence 
is typically cymose, and may be derived from a dichasiuin 
which in its higher branches passes into monochasia. In 
Rubiaeeae, Caprifoliaceae and Valerianaceae there is a 
tendency to attain conspicuousness by aggregation of the 
flowers, sometimes even into dense heads; this tendency 
reaches an extreme development in Dipsacaceae, where the 
compact head is subtended by an involucre of bracts and the 
outer flowers may become enlarged and less regular, suggesting 
the ray-florets of Compositae. Associated with the aggrega¬ 
tion of the florets is the loss of the protective function of the 
calyx and its development as a means of distribution of the 
fruit, the pappus of many Valerianaceae being homologous 

with that of Compositae. 

The flower in Rubiaceae is, with rare exceptions, regular 
and the stamens are isomerous with the corolla; Caprifoliaceae 
include both regular and medianly zygomorphic types; the 
androecium is generally isomerous, very rarely is the posterior 
stamen reduced or suppressed. In Valerianaceae zygomorphy 
of the flower is a striking character and is associated with 
progressive suppression of the stamens, which are never i>o- 
merous. The flower of Dipsacaceae is medianly zygomorphic 
and the suppression of the posterior stamen has become a 

fixed character. 

The gynoecium in Rubiaceae is in the great majority ot 
genera bicarpellary, but varies to isomery with the corolla; 
the number of ovules is also very variable, from many to one 
in each chamber; a similar range of variation occurs in Capri 
foliaceae, but the most general number of carpels in this 
family is three; in Caprifoliaceae there is a tendency to the 
degradation of all but one of the ovary-chambers, resulting 
in the development of a few- or one-seeded fruit. 1 Ins 
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tendency has become accentuated in Valerianaceae where the 
gynoecium is typically three-carpellary, but only one chamber 
is fertile and contains a solitary ovule; the various genera 
shew a progressive series in the degree of abortion of the 
two sterile chambers. In Dipsacaceae the ovary is unilocular 
and one-ovuled and there is no trace in the developed flower 
of a second carpel except in the occasional forking of the 
stigma. 

The origin of the Rubiales may be sought among the epi- 
gynous tetracyclic Dialypetalae. They may be regarded as a 
sympetalous development of a stock allied to Umbelliflorae 
which shew considerable resemblance to Rubiales in their 
tetramerous to pentamerous tetracyclic epigynous flowers, 
more or less suppression of the calyx, the fleshy disc crowning 
the ovary, the anatropous ovules with a single integument 
and the embryo surrounded with endosperm. The resemblance 
between some genera of Rubiaceae (e.g. Knoxia) and Capri- 
foliaceae (e.g. Viburnum) on the one hand and of Cornaceae 
on the other is very close, there being little beyond the poly- 
petalous character of the latter to distinguish them. 


Family I. RUBIACEAE 


Flowers bisexual (rarely unisexual), regular (rarely zygo- 
morphic), 5- to 4-merous, with isomerous stamens and 
generally fewer, usually two, carpels. Calyx-segments gener¬ 
ally open in aestivation, sometimes one or more enlarged. 
Corolla generally funnel-shaped, hypocrateriform or rotate; 


segments with valvate, imbricate or contorted aestivation. 
Stamens inserted on the corolla-tube; anthers introrse, two- 
celled, with longitudinal dehiscence. Ovary crowned by a 
more or less developed fleshy disc, very rarely semi-inferior, 
one- to several-, usually two-chambered, with oo -1 anatropous 
ovules in each chamber; style filiform, sometimes bifid or 
multifid. Fruit a capsule, berry or drupe. Seeds with a 
straight, more rarely curved, embryo, generally in the base 
or axis of a fleshy, cartilaginous or horny endosperm. 

Shrubs or trees or sometimes herbs, with opposite or 
whorled entire leaves and interpetiolar or intrapetiolar, some- 
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times foliaceous stipules. Flowers usually in decussate 
panicles or cymes, sometimes aggregated into heads. 

Genera 380; species about 4600; mainly in the warmer 
parts of the earth but extending into the temperate and even 
represented in the frigid zones. 

The plants shew much diversity in habit. The great majority 
are tropical trees and shrubs; herbaceous forms though not 
uncommon are mainly confined to certain tribes, but the 
Oalieae y the somewhat anomalous tribe to which our British 
representatives belong, are almost exclusively herbaceous. 
The tendency to the production of herbaceous forms is how¬ 
ever widespread, as herbaceous genera occur in tribes which 
are typically woody, such as Bouvardia in the tribe Cin- 
choneae. The climbing habit is represented by herbaceous or 
shrubby twiners, such as Manettia , or hook-climbers, as 
Uncaria , lianes climbing by means of branches which are 
converted into stiff woody hooks, or scramblers, such as our 
native Cleavers ( Galium Aparine), which cling to surrounding 
vegetation by stiff recurving hairs. Epiphytes occur, as, for 
instance, in a group of Malayan genera ( Mijnnccodxa , etc.), 
small shrubby plants with a tuber-like stem developed from 
the swollen hypocotyl which is permeated by irregular galleries 
in which ants make a home. The exact relation of ants to plant 
is not clear, as the characteristic hollowed tuber is developed 
when the plants are grown from seedlings to which ants have 
no access. Swollen hollow internodes inhabited by ants occur 
just beneath the inflorescence in species of Nauclea, Duroia 
and others; the position suggests that the ants protect the 
flowers from undesirable visitors. Species of Duroia and 
Remijia have flask-shaped swellings on the leaf-base which 
are regularly inhabited by ants. 

The stipules stand either at the side of each leaf-base and 
thus lie between the leaves (interpetiolar), or in front of the 
leaf-base between stalk and axis (intrapetiolar). 1 hey arc 
sometimes united with each other and the leaf-stalk forming 
a sheath. In some genera of the tribe Gardenieae they form 
a conical cap protecting the apex of the stem, and are thrown 
off with the growth of the bud. They vary much in form and 
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are sometimes split into bristle-like structures (as in Pentas), 
each of which ends in a resin-secreting gland; the base of the 
stipules ( Coffea, Gardenieae, etc.) may bear slender glands, 
the copious excretion from which often covers the younger 
parts of the shoot. Most noteworthy are the characteristic 
stipules of the Galieae which are leafrlike, the stem apparently 
bearing whorls of leaves at the nodes; the stipules are 
generally distinguished by the absence of buds from the axils, 
though “stipular shoots” have been demonstrated in Galium 
(an occurrence with which we may compare the development 
of spines in the axil of the small stipules in Damnacanthus ); 
there may be one or several between the true leaves; this 
variation in number is explained by union or splitting in 
various degrees of the normal pair belonging to each leaf. 

Solitary terminal flowers occur in genera which have large 
white or bright-coloured flowers, as in Gardenia, Randia and 
others; this is often associated with a pair of lateral flowers 
forming a dichasium. Generally the inflorescence may be 
referred to a dichasial type or consists of decussate panicles. 
Conspicuousness is attained in the tribe Naucleae by aggrega¬ 
tion of the small-flowered dichasia into dense globose heads. 
In these heads the inferior ovaries of the flowers are often 
completely united, as in Sarcocephalus, and a similar aggrega¬ 
tion occurs in other cases, as in Morinda, and in the union 
of two flowers of a pair which may extend so far that the 
two have a common calyx, as in the Australian Fornax. 

A different method of increasing the attractiveness of the 
inflorescence is more or less characteristic of certain genera 
(Muxsaenda, Warscewiczia and others)—in one or more 
flowers of the inflorescence one or rarely more of the calyx- 
segments become leaf-like and white or brightly coloured; 
the parts affected are the one or two anterior segments of 
the flowers on the first lateral branches and the phenomenon 
recalls the enlargement of the outer petals on the outer 
flowers of the umbel in certain Umbelliferae (e.g. Heraclevm) 
and the characteristic development of ray-florets in the 
Compositae. In other cases enlargement of the sepals occurs 
only after fertilisation and serves as a means of distribution 
of the fruit, as in Alberta, Nematostylis and others. 
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The aestivation of the corolla supplies characters for dis¬ 
tinction of tribes; most general are the valvate and contorted. 
Zygomorphy occurs in some genera, the flower tending to 
become bilabiate, as in Henriquezxa (Amazon province). 1 he 
stamens are generally inserted at or near the throat of the 
corolla, more rarely at its base when they are sometimes 
united below, or throughout their length; the anthers usually 
dehisce by longitudinal slits, though sometimes by apical 



FlO. 260. CoJJea arabica. A. Portion of plant about half nat. size. B. Flcmvr 
in vertical section, x 2$. C. Fruit. D. Seed. E. Seed after removal of 

- i_ ...» i. SAtf>n out oik* 11 


ui >ciucai occuuii, ^ -- n c . . 

parehment-like test*. F. Homy endosperm cut across. G. Seed tut ’’l*" 
to shew embryo lying towards the base of the endosperm, u 1 
inferior. CM3 x 2. (A, B after Bentley and Trimen.) 


pores, as, for instance, when the filaments are united. Hetero- 
styled flowers with stamens of different length occur ( Olden - 
landia and others). In zygomorphic corollas the stamen* 

may be of unequal length and bent. 

Exceptions to the completely inferior ovary occur in certain 
genera, as the Australian Synaptantha, where it is half-inferior, 
and in Qaertnera (tropical Africa and India) and Paganini 
(Brazil, Guiana), where it is superior. In most cases the 
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ovary is chambered, but Gardenia has a unilocular ovary 
with two to many parietal placentas. The development 
of the placenta is very varied. Most frequently it forms 
a thickening on the median septum or in the inner angle 
of the loculus (as in Cinchona , fig. 257, B); this may 



Pl,s - . 257 ‘ <ynchona ealuaya. A. Flowering shoot, slightly reduced. B. Flower 
n V u r * ,Cal ('. Fruit opening septicidally from below, x nearly 2. 

. t inged seed, x 5. E. Seed (without wing) opened to shew embryo 
surrounded by endosperm, x 13. 

broaden to become T-shaped in transverse section, and the 
arms may further become inrolled, bearing ovules on the 
outer or both faces; peltate or stalked spherical placentas 
al.->o occur, as in the Oldenlandieae. The ovules are sometimes 
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sunk in a fleshy development of the funicle, as in the one- 
ovuled chambers of Pavetta , etc. 

Unisexual flowers (fig. 258) are obviously reduced from 
bisexual forms; generally rudiments of the non-functional 
members persist, the male flowers having a style but no ovary 
and the female having stamens the anthers of which contain 
no pollen-grains; occasionally in dioecious species, as in^4«t/<o- 
spennum , no trace of the other sex remains. Often the male 
and female inflorescences are remarkably different, the male 
flowers being usually crowded together while the female are 
solitary and terminal. 



Flo. 258. Flowers of Coprotttna. A genus with about <M) species, many in New 
Zealand, with small inconspicuous dioecious flowers. A male, B female. 
Enlarged. (After Le Maout and Decaisne.) 


Pollination by insect-agency is indicated in some cases by the 
large long-tubed white or bright-coloured flowers, in others by 
the aggregation of smaller flowers into conspicuous inflorescences ; 
also by the general development of the epigynous nectar-secreting 
disc in the form of a cushion, ring or cup, and the widespread 
occurrence of heterostyly. In our native Oahcae the small 
flowers are more or less proterandrous; as the flower opens the 
stamens rise up, shed their pollen and bend outwards before the 
two stigmatic style-arms become separated (see fig. 25fl, A); the 
scanty nectar is sipped by small short-tongued insects which carry 
the pollen in passing from flower to flower. The longer-tubed 
flowers of Aaperula contain more nectar and are visited by larger 
insects which in withdrawing the proboscis after probing the 
flower remove the pollen from the anthers converging round 
the mouth of the tube; in visiting a second flower some of the 
pollen is deposited on the stigmas which stand close together in 
the tube below the anthers and mature simultaneously with the 
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stamens. In absence of insect-visitors self-pollination occurs by 
pollen falling on to the stigmas. 

The strongly zygomorphic flowers of Poaoqueria (tropical 
America) have an explosive mechanism comparable with that of 
some Papilionaceous plants; the pollen is dehisced into a chamber 
formed by the close approximation of the anthers which are in a 
state of tension when the flower opens; the touch of the insect’s 
proboscis frees the tension and the pollen is scattered in a cloud 
over its body. The long tubular flowers of the American Maneitia 
are visited by humming-birds. 


The fruit shews important differences affording useful 
characters for the subdivision of the family. It is dry or 
fleshy, in the former case generally dehiscing either septi- 
cidally (fig. 257, C) or loculicidally, or being indehiscent, 




tiu. 2.>9. Rubin tinctorum. A. Flower in median vertical section; the stigmas 
have not yet separated; d, nectar-secreting disc. B. Fruit in similar section, 
shewing the curved embryo, surrounded bv endosperm, in the seed. En¬ 
larged. (After Baillon.) 


sometimes separating into one-seeded portions. Fleshy fruits 
are generally indehiscent. The calyx-limbs are often per¬ 
sistent and sometimes become enlarged and aid in distribution. 
Sticky fruits, due to the presence of small stiff recurving hairs, 
occur in the Galieae and some members of the Anthospermeae\ 
the stem and leaves are often also provided with similar 
hairs so that portions of the plant bearing fruits are broken 

off and carried away. Fleshy fruits are distributed by aid 
of animals. 

The seeds are generally small; in dry fruits they are some¬ 
times more or less winged, especially in the tribe Cinchoneae 
(fig. 25/, D). Henriquezia is exceptional in having a large 
two-valved woody capsule containing a few (four in each 
valve) large winged seeds recalling the fruit and seeds of 
Bignoniaceae, a resemblance which is further borne out by 
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the open two-lipped flower. The straight, more rarely curved 
(as in Rubia, fig. 259) embryo lies in a more or less abundant 
fleshy, rarely cartilaginous (as in Coffea, fig. 256, P) endo¬ 
sperm, the flat cotyledons lying face to face. In some mem¬ 
bers of the tribe Guettardeae there is no endosperm. 

The great majority of the species are tropical. The tribes 
Qalieae, Anthospermeae and Oldenlandieae, which are remarkable 
for the prevalence of the herbaceous habit, pass into the temperate 
zone in which many of the genera are specially developed. Species 
of Galium reach the Arctic zone or high elevations on tropical 
mountain ranges. The genus Nertera, which consists of small low- 
growing herbs, spreads along the Andes from northern South 
America to the Strait of Magellan, and occurs also in Tristan 
d’Acunha, New Zealand, Australia, the Sandwich Islands and on 
the mountains of the Malay Archipelago. The allied genus ( o- 
prosma has also a similarly wide distribution in the south tem- 
perate and antarctic area. Guettarda speciosa is a widely -distributed 
strand-plant occurring round the Indian Ocean from Africa to 
Malacca, also in the Malay Archipelago, North Australia and the 
Polynesian Islands. 

The family contains a large number of monotypic genera 
estimated by K. Schumann as nearly half the total number, but, 
on the other hand, there are several very large genera, such as 
Galium (300 species), Oldenlandia (200 species), P.-tychotria (nearly 
1200 species) and others. 

Two subfamilies are recognised, differing in the number ot 
ovules in each carpel. They are subdivided by Schumann, in the 
Pflanzenfamilien, into twenty-one tribes as follows. 

Subfamily I. Cinchonoideae. Carpels with numerous (rarely 

few) ovules. 

A. Fruit dry. 

(a) Flowers solitary or in decussate panicles or cymose. 

Condarnineae. Woody plants with showy regular flowers, 
corolla-segments valvate in bud; ovules placed horizontally. 
Mainly tropical American. 

Oldenlandieae. Mainly herbs with small regular flowers valvate 
corolla-segments and vertically-placed ovules. Wic e y <■ 
tributed, mainly tropical. Oldenlandia has more than -CX 

species. 

Rondelelieae. Generally trees or shrubs with regular flowers, 
corolla-segments imbricate or contorted. Mainly tropical 
American, a few' tropical Asiatic. Rondeletia, 60 species. 

tropical America. 



560 


FLOWERING PLANTS 


Henriquezieae. Large trees with showy, generally zygomorphic 
flowers and large woody capsules with a few flat winged 
seeds. A few species in tropical South America. 

Cinchoneae. Trees or shrubs with generally regular flowers. 
Ovules ascending; seeds numerous, winged. Tropics, mainly 
New World. Cinchona , about 40 species in the Andes of 
South America; the bark of several species, now widely culti¬ 
vated in the tropics, is rich in the alkaloid quinine. Bouvardia, 
30 species, Central America; several are grown as decorative 
plants. 

(b) Flowers crowded in heads. 

A aucleae. Trees or shrubs, sometimes twiners or hook-climbers 
(Uncaria) with regular flowers. Tropics, mainly of the Old 
World. 

B. Fruit fleshy. 

Mussaendeae. Trees or shrubs, more rarely herbs. One calyx- 
segment is sometimes enlarged and show’y. Corolla-segments 
valvate in bud. Tropics, more numerous in the Old World. 
A few are epiphytic. 

Gardemeae. Shrubs or trees. Corolla-segments contorted, rarely 
imbricate. Tropics. Randia (150 species). Gardenia (100 
species, Old World tropics); G.florida, a native of China, is 
widely cultivated in hot-houses for its strongly scented 
flowers. 

Subfamily II. Coffeoideae. Carpels with a solitary ovule. 

A. Ovule pendulous with micropyle directed upwards; radicle superior. 

1 anguerieae. 1 angueria, 50 species, mainly tropical Africa; 
V. edulis is cultivated in the tropics for its edible fruit. 

Alberteae. Knoxieae. Guettardcae. Chiococceae. 

B. Ovule ascending, micropyle directed downwards; radicle inferior 

(fig. 256, G). 

(a) Corolla-segments contorted. 

Ixoreae. Tropical trees and shrubs with regular flowers. Coffea, 
30 species in the Old World, mainly Africa. C.arabica (fig. 256), 
the original coffee-plant, a shrub, native in Abyssinia and east 
tropical Africa, is widely cultivated in the tropics of both 
hemispheres. Liberian coffee is obtained from C. liberica , 
nati\e in west tropical Africa; this species has shew'n itself 
more resistant to the attacks of the disease caused by a 
parasitic fungus, Hemileia vas'tatrix. Ixora (200 species); 
I.ferrea, Iron-wood, yields a very hard wood. 
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(6) Corolla-segments valvate. 

a. Ovules attached at the base of the ovary. 

Psychotrieae. Generally shrubs or trees with bisexual flowers. 
Psychotria, 600 species in the tropics of both worlds, and 
other large tropical genera. Uragoga ipecacuanha is a herb, the 
branching closely knotted root of which yields the well-known 
drug. Hydnophylum and Myrmecodia (tropical Asia to 
Australia) are ant-inhabited epiphytic shrubs. Paederiae. 
mainly Asiatic. 

Anihospermeae. Shrubs, undershrubs or herbs, with poly¬ 
gamous or dioecious flowers. Several genera are tem¬ 
perate, others reach the antarctic area, such as Nertera 
( N. depressa is a small low-growing herb cultivated for its red 
fruit), and Coprosma (fig. 258). Coussareae . mainly Brazilian. 

/3. Ovules attached to the septum. 

Morindeae. Trees and shrubs. Spermacoceae. Herbs and small 
shrubs. 

Galieae. Herbs with leafy stipules. Includes several north 
temperate genera— Sherardia (British); Cruciunella ; Asperula 
(80 species, a few in India and Australia); A.odorata (\\ ood- 
mff) is British, rich in coumarin. Galium (British) has 
300 species, and occurs in all parts of the world except 
Australia. Rubia tinctorum (Madder) (fig. 259) and other 
species contain alizarin and purpurin in the root and, before 
the introduction of aniline dyes, were widely cultivated. 


Rubiaceae are very closely allied to Caprifoliaceae and the two 
families were combined by Baillon; the absence of stipules is not 
a universal distinction and it is impossible to cite any single dis¬ 
tinctive character either floral or vegetative of universal applica¬ 
tion. In practice, however, there is no difficulty in distinguishing 
the two; thus Sambucus, in which stipules are present, is dis¬ 
tinguished from Rubiaceae by its pinnatcly compound leaves. As 
indicated under the order, Caprifoliaceae may be regarded as a 
distinct group of genera in which the tendency to zygomorphy 
already foreshadowed in Rubiaceae becomes definitely worked 
out; in Caprifoliaceae also the pistil is generally tricarpellary, and 
there is an indication in some genera of the suppression of carpels 
and ovules which has become a constant character in the more 
advanced families of the order. The few genera of Rubiaceae in 
which valvate aestivation of the corolla is combined with a bi- 
carpellary ovary with a single pendulous ovule in each chamber 
(e.g. Knoxia, PenUinisia) approach Cornaceae, which however are 
distinguished by polypetaly and absence of stipules. On the other 
hand, genera with many-ovulcd cells suggest an alfinity with 
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Loganiaceae which have opposite stipulate leaves and regular 
isostemonous sympetalous flowers, but is at once distinguished, 
apart from anatomical characters, by a superior ovary. This 
strong resemblance has led some botanists, for instance Warming, 
to regard the order as an epigynous continuation of the Contortae. 
A remarkable resemblance to the Bignoniaceae is shown in the 
small tribe Henriquezieae, with a more or less zygomorphic 
corolla, semi-inferior ovary and large woody two-valved capsules 
containing winged seeds. 

Family II. CAPRIFOLIACEAE 

Flowers bisexual, regular or zygomorphic, generally penta- 
merous with often reduction in the number of the carpels 
(2-5). Calyx and corolla present with parts united. Calyx 
generally small, and five-toothed or lobed. Stamens inserted 
on the corolla-tube, with generally introrse anthers. Ovary 
inferior, one- to five-chambered, with one to many pendulous 
ovules in the inner angle of each chamber. Styles free or 
united. Fruit a berry or a one- to several-stoned drupe; a 
capsule in Diervilla. Seeds with a fleshy endosperm and 
generally small straight embryo. 

Generally woody plants with decussate usually exstipulate 
leaves and cymose often showy flowers. 

Genera 11; species about 400; mainly north temperate. 

The shrubby habit is the most common; examples of this 
are seen in Sambucus, as S. nigra (Elder), Viburnum, as V. 
Lantana (Wayfaring tree) and V. Opulus (Guelder-rose), V. 
Tinus (Laurustinus), Symphoricarpus (Snowberry), Diervilla 
( \Veigelia ); Linnaea borealis is a low-growing slender creeping 
evergreen shrub, native of the colder parts of the north tem¬ 
perate zone. Climbing shrubs characterise the section Capri- 
foliurn of Lonicera (Honeysuckles). Herbs are rare but are 
represented by Sambucus Ebulus (Danewort) and the small 
genus Triosleum. The leaves are generally entire, sometimes 
lobed, as in the Guelder-rose; Sambucus is exceptional in 
having pinnate leaves. The opposite leaves of a pair may 
unite, embracing the stem, as in species of Lonicera. Though 
the family is generally contrasted with Rubiaceae as being 
exstipulate, stipules not infrequently occur, as in species of 
Sambucus —where there are sometimes more than four side 
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by side at the node—and in some cases— Viburnum and 
Leycesteria —the}' become nectar-secreting organs. 

The difference between Sambucus and the rest of the 
family already noted in the leaves is emphasised in the ana¬ 
tomical structure. Generally the bulk of the wood consists 
of prosenchymatous tracheids with bordered pits, and the 
vessels are mainly of the scalariform type, while in Sambucus 
the wood-fibres bear simple pits and the scalariform type of 
vessel is rare. The origin of the primary periderm is variable 
even in the same genus. 

The inflorescence shews varying degrees of development. 
A regular cyme is seen in Leycesteria formosa ; in species of 
Lonicera the central flower is often suppressed (fig. 262. D) 
forming a two-flowered cyme in which case the ovaries of the 
pairs of flowers become more or less united (compare A aucleae 
in Rubiaceae); in Symphoricarpus and Dierrilla the lateral 
flowers are suppressed and the inflorescence has the appear¬ 
ance of a spike or raceme. Large repeatedly branched 
inflorescences, ending in cymes, occur in Sambucus and 
Viburnum. The bracteoles are generally developed. 

Theflowersof Sambucus And Viburnum are regular (figs. 260. 
261), with a generally rotate short-tubed corolla—except the 
zygomorphic sterile flowers on the outside of the inflorescence 
of species of Viburnum , which recall the similar phenomenon 
in some Umbelliferae. Those of Lonicera are markedly zygo¬ 
morphic with generally a long slender 
tube and a two-lipped limb, four of 
the five segments uniting to form the 
upper lip (fig. 262). A tendency to 
zygomorphy is noticeable in the other 
genera, thus the bell-shaped corolla of 
Symphoricarpus and Linnaea (also 
tubular-funnel-shaped) is regular with 
a tendency to zygomorphy. The pos¬ 
terior stamen is reduced or suppressed 
in Dipelta (China) and Linnaea , and 
the stamens are didynamous. Sam¬ 
bucus differs from the rest of the genera in having extrorse 

dehiscence of the anthers (fig. 262, E). 


o 



Fig. 200. Floral diagram of 
Sambucus Ebulun. (After 
Eichlcr.) 
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The number and development of the carpels shew great 
variability even in one and the same genus. In Leycesteria 
and some species of Sambucus there are five carpels (rarely 
more in Leycesteria) which are equally developed; four in 
Symphoricarpus, three in most of the remaining genera and 
two in DierviUa. The number of ovules is also variable; Sam- 
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Fiu. 261. Viburnum viUoeutn. A. Flowering shoot. } nat. size. B. Flower, in 
nngitudinal section to shew the single functional chamber of the carpel 
with fiendulous ovule, x 8. C. Drupe, xl}. D. E. Drupe cut lengthwise 
and across, shewing the single seed. I) x 1 j, E x 2. 

bunts, I iburnum and Triosteum have one in each chamber, 
while in Leycesteria they are numerous. The carpels are often 
unequally developed; thus in Viburnum two of the three 
original carpels become suppressed and the fruit is unilocular 
and one-seeded. In Symphoricarpus two chambers are one- 
ovuled and fertile, two contain several ovules and are sterile. 
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and the fruit is two-seeded; similarly in Linnaea there are one 
fertile carpel containing one ovule, and two sterile carpels 
with several ovules. 

The flowers are insect-pollinated. Adaptations to this end 
are the white or conspicuously coloured corollas, the aggrega¬ 
tion of the smaller flowers, sometimes associated, as in 
Viburnum, with the specialisation of sterile specially attractive 
florets, the strong scent and the development of nectar. The 
most advanced type is represented by the Caprifolium 



Flo. 202. A-D. Lonictra. A. Terminal inflorescence of L. Caprifolium. B. Single 
flower, enlarged; the corollu cut open, the ovary in vertical section. < < luster 
of fruit. D. Pair of flowers of L. liguatrina in vertical section, the corolla 
removed. E. Flower of Sambucus nigra enlarged. F. Same in vertical 
section. (A, F after I jo Maout and Decaisne; I) after Fritsch.) 


section of Lonicera ; with a bilabiate long-tubed corolla in the 
base of which nectar is secreted; the flowers are strongly 
scented at nightfall and attract night-flying insects, especially 
Sphingidae; the stigma is carried out beyond the stamens, 

thus preventing self-pollination. 

The fleshy berry or drupaceous fruit is adapted for dis¬ 
tribution by birds. 

The species occur mainly in the temperate regions of the 
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northern hemisphere; in the tropics they are found usually only 
at higher elevations. The family is sparingly represented in the 
southern hemisphere by a few species of Sambucus (South America 
and Australia) and Viburnum (Andes), and the small genus 
Alseuosmia, confined to New Zealand, consisting of small ever¬ 
green shrubs with alternate leaves. Numerous fossil species of 
Viburnum have been described, especially in the Tertiary strata 
of North America. 

Sambucus contains about 20 species and is very widely dis¬ 
tributed; Viburnum, 120 species, mainly in temperate and sub¬ 
tropical regions of East Asia and North America, with three 
species in Europe; Symphoricarpus, 15 species in North America 
and Mexico, one in China; Lonicera, 180 species, widely distributed 
throughout the northern hemisphere, especially developed in 
Eastern Asia and the Himalayan region. 

The close affinity of this family with Rubiaceae has already 
been indicated. Affinity with the polypetalous Comaceae is 
indicated by Viburnum with simple opposite leaves, regular iso- 
stemonous flowers, one-ovuled ovary-chambers and drupaceous 
fruit. 


Family III. ADOXACEAE 

This family comprises only the single species Adoxa Moschald- 
lina (Moschatel) (fig. 263), a small glabrous herb which is widely 
spread over the north temperate zone. It is a perennial Avith a 
creeping monopodial rootstock which bears a cluster of temately 
divided radical leaves without stipules, and a simple two-leaved 
stem ending in a oymose cluster of five (or seven) Bmall, green, 
sessile, regular, bisexual flowers. The terminal flower is tetramerous, 
the lateral are pentamerous and borne in decussating pairs. The 
simple floral enA^elope is deeply four- to five-lobed, and alternating 
with the lobes is a Avhorl of stamens, each of Avhich is split to the 
base and bears a half-anther. The ovary is half- inf erior and four- 
or five-chambered with a single ovule pendulous from the inner 
angle of each chamber; the short styles are equal in number to 
the ovarv-chambers. Below the perianth is a small shallowly 
two- (terminal flower) or three- (lateral flowers) lobed in\’olucre 
which has been regarded as a calyx, but w'hich Eichler interpreted 
as representing the union of the pair of bracteoles or the bract 
and two bracteoles respectively; it persists in the fruit around the 
one- to fi\’e-seeded drupe. The compressed seeds contain a small 
embryo at the apex of a copious endosperm. 

1 he flowers are pollinated by small insects Avhich are attracted 
by the greenish-yellow colour, the musky smell, and the nectar 
secreted by a fleshy ring surrounding the bases of the stamens. 
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Insects crawling over the small inflorescence bring their feet and 
proboscis into contact at one time with the anthers, at another 
with the stigmas and thus effect cross-pollination (H. Muller). 

The affinity of Adoxa is doubtful; widely different positions 
have been assigned to it—Saxifragaceae. suggested by the half¬ 
inferior ovary and perhaps by the superficial resemblance of the 
flower to such forms as Chrysosplenium, a comparison which does 
not seem warranted ; and Araliaceae, which it recalls in its incon¬ 
spicuous flowers, with a half-inferior isomerous ovary with solitary 
pendulous ovules. It is however probably best placed in its 



Flo. 263. Adoxa Moschatdlina. A. Portion of plant in flower slightly ^ced. 

B. Flower. C. Same in vertical section. B and C enlarged. (After h ritain.j 

present position, end regarded as a derivative from 
petalous tetracyclic type represented by the Rubialcs. bn nr 
referred the floral structure to Caprifoliaceae, but the absent < *■ 
a calyx, and the fission of the stamens associated with t it guu r.i 
habit of the plant, seem sufficient to remove it from that ami \. 

Family IV. VALERIANACEAE 

Flowers bisexual or unisexual by abortion, irregular with 
no plane of symmetry. Calyx represented in the flowei \ 
an epigynous ring, becoming enlarged in the fruit. ( oro a 
generally tubular and five-limbed, often saccate or spuiru 
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at the base. Stamens 1—4, attached to the corolla-tube and 
alternating with its segments; anthers dehiscing introrsely. 
Ovary of three united carpels typically three-chambered but 
one only fertile and containing a single pendulous anatropous 
ovule; style simple, ending in a simple or two- to three-partite 
stigma. Fruit one-seeded; embryo straight, completely filling 
the seed; radicle directed upwards. 

Herbs, more rarely shrubs with opposite exstipulate 
leaves and numerous small flowers in cymose inflorescences. 

Genera 10; species about 350; chiefly north temperate and 
Andine. 

The plants are small annuals, as in Valerianella, e.g. 
V. olitoria (Lamb’s Lettuce), a small glabrous cornfield plant 
with simple narrow leaves and minute pale lilac flowers. The 
majority are perennial, peristing by an underground rhizome, 
as in species of Valerian ( Valeriana ); some alpine species of 
this genus are acaulescent with leaves in a close rosette and 
a long thickened tap-root; in V. tuberosa (mountains of 
Mediterranean region) the plant persists by means of a 
tuberous adventitious root, borne each year on a short 
axillary shoot on the tuber of the preceding year, as in certain 
Ophrydeae (see vol. i). The aerial stem when branched is 
dichasial, or by suppression of the main axis dichotomous, 
and the same character is repeated in the inflorescence. The 
leaves are simple, as in Valerianella , Centranthus and others, 
or more or less pinnately divided, as in Valeriana officinalis ; 
in others, as in V. dioica, the radical leaves are entire and the 
eauline pinnatifid. 

The many-flowered inflorescences often pass over into 
monochasia; the flowers are sometimes closely crowded into 
heads, as in Plcctritis (North America, Chile) and Nardostachys 
(Spikenard). The latter is exceptional in having an obvious 
five-limbed calyx, otherwise the calyx is late in development; 
its protective function, so far as concerns the flower, is usually 
transferred to the pair of bracteoles which stand close up to 
the flower, or mutual protection is effected by aggregation 
of the flowers in a head. The corolla crowns the top of the 
ovary, and is tubular or funnel-shaped: the tube is regular 
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or produced at or near the base into a short sac or a spur of 
varying length in which nectar is secreted; the five (rarely 



Fio. 264. i? 


section ill lower nortion in section; earner stagi-. 

-a -«■>— 

x4 (B-E after Hock.) 


three or four) limbs are equal, or bilabiate as in Folia and 
Centranthus ; they are imbricate in aestivation. 

A progressive modification of the flower is traceable m the 
different genera. The least modified type is represented by 
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the two small temperate Asiatic genera, Patrinia and Nardo- 
stachys, where the flower is almost regular. The calyx is five¬ 
toothed, or in Nardostachys obviously five-limbed, and does 
not become enlarged in the fruit; the corolla is generally 
regular (exceptionally spurred), the posterior stamen only is 
suppressed and the two sterile ovary-chambers are well- 
developed (fig. 265, D). In Valerianella (north temperate) 
(fig. 265, B) the outer (on the side towards the sterile bracteole) 
anterior stamen is also suppressed, the calyx is variously 



Fio. 2(i5. Floral diagrams of: A, Valeriana officinalis, the ovary is shewn as 
consisting theoretically of three carpels only one of which, the right-hand, 
is developed; B, Valerianella coronatu; C, Centranthus ruber ; D, Patrinia. 
The septum enclosing the style is indicated by a dotted line in A and C. 
(After Eichler.) 


developed, in some species remaining inconspicuous, in others 
forming in the fruit a membranous crown or bristles or hook¬ 
like structures; it never forms a pappus; the sterile ovary- 
chambers also shew various stages of development; the 
corolla is regular and funnel-shaped. 

Fedia (a monotypic Mediterranean genus) has an incon¬ 
spicuous two- to four-toothed calyx which does not enlarge 
in the fruit, a long tubular corolla with a short sac above the 
base, and a two-lipped limb; both anterior stamens are sup- 
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pressed, but the two sterile ovary-chambers are still well 
developed. In the large genus Valeriana (figs. 204. 205, A) the 
calyx forms an epigvnous ring in the flower which in the 
fruit unrolls to form' a feathery pappus, the corolla-tube is 
regular or saccate, there are three stamens, as in l alerianella, 
and the ovary is one-chambered, the sterile chambers being 
reduced to small protuberances. Ceniranthus has a similar 
calyx, but the corolla is spurred and the reduction in the 
androecium reaches a maximum, one stamen only being 
present; the sterile ovary-chambers are reduced to nerves 
(figs. 204, D, 205, C). In the last two genera the corolla-tube 
is divided by a septum into two compartments, one of which 
encloses the style; the division is a low one in Valeriana but 
reaches to the throat of the tube in Ceniranthus ; it is indicated 
by a dotted line in the floral diagrams. 


The flowers represent an advanced stage of adaptation to 
insect-pollination, which may extend to dimorphism. H. Mull r 
has indicated an interesting series in species of I alerxana V. 
officinalis (Cat’s Valerian, All-heal) is proterandrous (fig. 2W, 
B C)- the small flowers are rendered conspicuous by aggregation, 
and the nectar in a small pouch near the base of the short tube 
is accessible to insects with moderately short probosces the 
anthers covered all round with pollen, in the hrst stage of the 
flower or the three outspread stigmas, in the second stage, are 
Effid by the feet and under surfaces of insects creeping ove 
the inflorescence or by the heads of insects sucking nectar. In 
V dioica cross-pollination is ensured by dioecism; there are four 
different forms of flowers borne on different individuals, 1 ma c 
flowers with no trace of a pistil and with large cord « 2)ma e 
flowers with a rudimentary pistil and small corollas (3) f< malt 
flowers with evident traces of anthers and still smaller corollas 
and (4) female flowers from which anthers have almost entir y 
disappeared and with smallest corollas of all. Intermediate stages 
arcTfound in V. monlana, which has large- and small-flowered 
individuals, the former being bisexual, the latter f 1 *™* 1 ® 11 * J 
female as the anthers though present are empty of pollen an 
V. tripteris, which differs in that the large flowers are functional!* 
male, the style bearing no stigmatic papillae. 


The pappus or membranous or wing-like developments aid 
distribution of the fruit by air-movements; the bristly c ™"" 
or hooks in species of Valerianella are effective by clingn h 
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to fur or feathers, and the pappus of Valeriana and Cen- 
tranthus will also act in the same way. 

More than 200 of the species are included in the genus Valeriana. 
In the Old World the chief development is in the Mediterranean 
region, and the family is scarcely represented south of the equator; 
in the New World there is a strong development of the genus 
Valeriana on the Pacific side, especially in the Chilian Andes and 
extending southwards. 

The rhizome and roots of many of the perennial species contain 
an ethereal oil with a sharp bitter taste and penetrating smell, 
which from its strong action on the nervous system has a medicinal 
value. 

Spikenard, one of the most prized unguents of the Romans 
and eastern nations, is procured from the young shoots of the 
Himalayan Nardostachys jatamansi ; the generic name is derived 
from the spike-like appearance given to the shoot by the per¬ 
sistent stiff fibres of the older leaves. The young leaves of some 
annual species, as of Valerianella, e.g. V. olitoria (Lamb’s Lettuce), 
are used as a salad. 

Centranthus (Mediterranean region) contains the familiar garden 
species C. ruber , which has become naturalised on old walls and 
chalk banks in the south of England. 


Family V. DIPSACACEAE 

Flowers small, bisexual, generally medianly zygomorphic 
and aggregated into dense involucrate heads; each flower is 
enveloped by an epicalyx formed by the union of the pair 
of bracteoles. Calyx small, variously developed. Corolla 
tubular or tubular-funnel-shaped, with a five- or four-lobed 
limb, lobes imbricate in bud. Stamens four, sometimes fewer 
by abortion; anthers introrse. Carpels two, but the inferior 
ovary unilocular, with a single anatropous ovule pendulous 
from the apex; style filiform, stigma simple or bifid. Fruit 
dry, one-seeded, enclosed in the epicalyx and often crowned 
by the persistent calyx-limb. Embryo straight, surrounded 
by endosperm, radicle superior. 

Annual or more often perennial herbs, rarely shrubs, with 
opposite exstipulate leaves. 

Genera 9; species about 155; mainly Mediterranean, but 
spreading eastwards, southwards and north wards. 
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Though the plants are generally herbaceous, a lower 
prostrate persistent portion of the stem sometimes becomes 
woody, as in Scabiosa lucida and others. In some steppe- 
inhabiting species of Scabiosa the whole plant becomes 



densely hairy, instances of an interesting adaptation to 
seasonal changes are seen in 8. pulsatilloules (Granada) and 
to a less degree in other species, where in the firs tear the 
plant forms a dense leaf-rosette, which is protected from the 
dry hot summer by a grey felt-1,ke hair-covenng, tins is 
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absent from the leafy flower-bearing stem produced during 
the damp period of the following spring. The leaves are 
variable in form, being entire, cut, lobed or pinnatifid; 
they may differ on the same plant, as in S. Columbaria, 
where the narrow radical leaves are entire or divided and the 
cauline pinnatifid. 

The erect biennial stem of the Teasels is angular, and 
hairy or prickly; the leaves are generally toothed or cut, and 
connate forming water-receptacles round the stem. 

The epicalyx shews considerable variation in form in the 
different genera and species; it has generally an angled or 
ribbed or furrowed lower portion surrounding the ovary and 
the fruit when ripe: it may be truncate above, as in Teasel, 
but more often is provided with a membranous crown (fig. 266 , 
F, G) sometimes bearing bristles or teeth and aiding the 
distribution of the enclosed achene by wind- or animal- 
agency. The numbers of angles, ribs, teeth, etc., are in relation 
to the number of limbs of the catyx or corolla (equal or 
double, etc.). The calyx and corolla may be regarded as 
typically pcntamerous, though often actually tetramerous, 
the latter condition being, according to Eichler, due to union 
of two members (cf. Veronica ). A fifth, posterior, stamen is 
always absent, and of the four stamens the tw r o anterior are 
often smaller; sometimes, as in Marina, represented merely 
by barren rudiments. The calyx-limb varies in form, being 
sometimes cup-shaped or lobed, toothed or ciliate; it may 
fall after fertilisation, but generally persists in the fruit (fig. 
26 ( 5 . F,G). The corolla limb is often more or less two-lipped or 
the lobes are unequal. The irregularity is sometimes much 
enhanced in the outer flowers of the head (as in Scabiosa), 
which are also larger than the inner, indicating the differ¬ 
entiation into raj r - and disc-florets which becomes specialised 
in the Compositae. According to Payer, the study of the 
development of the flow-er in Scabiosa indicates the presence 
of two carpels, but the ovary is always one-celled, with no 
trace of the sterile carpels which were characteristic of 
the Valerianaceae; the stigma, however, is often forked. 

The aggregation of the flowers and the floral structure 
point to insect-pollination, details of which have been studied 
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in several species. Nectar is secreted by the top of the ovary, 
and through the widening upward of the corolla-tube is often 
accessible to short-tongued insects. Self-pollination is avoide 
by the projection of the stigma beyond the stamens, as in 
Marina , or usually by marked proterandry, as ,n Ihpsmms, 
Knautia, Succisa , Scabiosa-, in Knautia arvensis this has led 
to dicUny, individuals occurring in which the flowers have 
all more or less aborted anthers which do not open. 

The epicalyx becomes thickened and leathery, protecting 
the fruit, the pericarp of which is thin and easi y rup urc 
the apex; the seed has a thin membranous testa, and the 
embryo is surrounded by a thin or thick layer of fleshy 
endosperm. In germination the radicle protrudes at the top 
of the P fruit and bends downwards, generally piercing e 
membranous wing of the epicalyx or penetrating one of its 
symmetrically arranged thin portions or furrows and pinning 
the whole to the earth by the thickened base of the hy m- 
cotyl (fig. 266, H). The oblong or ovate cotyledons are then 
drawn out of the fruit. In Succisa austral is a small tooth-like 
projection at the base of the hypocotyl fixes the narrow rim 
of the involueel and holds it down while the cotyledons are 

drawn out. 

to^ndia and the northwards into 

regarded as sections of Scabiosa namely £«<*««« (Devil s 
Scabious), Knautia, Scabiosa (S. Columbaria). 

Order 2. C AMP AN ULALES 

Flowers tetracyclic, bisexual, or unisexual by suppression, 
regular or zygomorphic; typically pentamerous, with isomerous 
stamens and generally fewer carpels. 

and often laterally united (syngenes.ous). vary inferior 
(rarely more or less superior), several-celled with *> - 1 ov ulcs 
in each cell or one-celled with a single ovule. 
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Generally herbs, more rarely woody plants, often containing 
latex-vessels or oil-passages. Flowers generally racemose 
with a tendency to aggregation in heads. 

The distinguishing feature of the order is the simple but 
remarkably effective pollen-presentation mechanism. This 
consists in the lateral approximation or coherence of the 
anthers to form a tube into which the pollen is ejected, and 
the development of the style into a brush by which the pollen 
is swept out at the top of the tube. The subfamilies Cam- 
panuloideae, with free anthers, and Lobelioideae, with 
laterally united anthers, of the family Campanulaceae repre¬ 
sent respectively simple and more elaborate types from this 
point of view; in the great family Compositae the syngenesious 
character is constant and the mechanism shews a wide 
variation in detail. The two small and geographically re¬ 
stricted families Goodeniaceae and Stylidiaceae have more 
elaborate highly specialised pollination-mechanisms. The 
family Campanulaceae shews considerable variety in floral 
structure; in the less advanced subfamily the flowers are 
regular with free anthers and an isomerous gynoecium or 
reduction to three or two carpels; in the more advanced the 
flower is strongly medianly zygomorphic with syngenesious 
anthers and a bicarpellary pistil; there is also a tendency to 
reduction in the number of ovules. The two small families 
have a zygomorphic bicarpellary pistil. The fruit in these and 
in Campanulaceae is, with few exceptions, a capsule, shewing 
considerable variety in mode of dehiscence, and containing 
numerous to few seeds; the epigynous character is not fixed, 
though inferior in the great majority it may be half-inferior 
to superior. Again, though the inflorescence is often lax there 
is a tendency to aggregation of the flowers, which in some 
genera form compact spikes or heads, sometimes surrounded 
by an involucre of bracts. In Compositae the general type of 
flower, so far as regards number and relative position, is re¬ 
markably constant; the always inferior ovary, though formed 
of two carpels, is unilocular and one-ovuled and the fruit one- 
seeded and indehiscent; the capitular inflorescence is also a 
constant character. Within the limits of the capitulum there 
is considerable variety in the form of the floret, which is 
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regular or more or less zygomorphic, in the differentiation 
of the florets for reproductive or attractive purposes, and 
also in the specialisation of the calyx, the protective function 
of which has been transferred to the bracts of the involucre, 
for seed-dispersal. 

We have noted under Rubiales biological tendencies in 
connection with inflorescence and flower similar to those 
which have become more or less characteristic of Campanu- 
lales. The aggregation of the flowers into dense heads, which 
reaches an extreme development in Dipsacaceae where the 
head is subtended by an involucre of bracts, is associated 
with loss of the protective function of the calyx and its 
development as an organ for seed-dispersal. But a marked 
distinction is the cymose character of the heads in Rubiales 
as contrasted with the racemose capitulum in Campanulales, 
and the resemblances between the two orders are to be 
regarded as indicating convergence of development rather 
than direct relationship. A clue to the origin of the 
Campanulales may be found in the conflicting views which 
have been put forward regarding the position of the fann y 
Cucurbitaceae (q.v.) and the order may represent a sym¬ 
petalous development of a stock allied to Passiflorales in 
which a tendency to sympetaly and epigyny occurs. 


Family I CAMPANULACEAE 


Flowers generally bisexual, regular or medianly zygo¬ 
morphic; usually pentamerous. Sepals generally free and 
open in aestivation; petals generally united below,aestivation 
typically valvate. Stamens free or united, sometimes partly 
united with the corolla-tube; anthers introrse. Carpels i-o, 
united; ovary inferior or half-inferior, very rarely superior, 
generally 2-5- (rarely 6-10-) celled, rarely one-celled, with 
generally numerous anatropous axile, rarely parietal ovu.e*. 
style simple, often with pollen-collecting hairs. Fruit a capsule ; 
rarely berry-like. Seeds generally small with a fleshy endosper m 


and a straight embryo. . . 

Annual or perennial herbs or undershrubs, rarely »hrubs 

or trees, with usually alternate, exstipulate leaves, and 


37 


it. II. 
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often showy flowers, which are solitary or arranged in more 
or less complicated inflorescences. Latex is generally present 
in segmented sacs. 

Genera 61; about 1500 species; mainly temperate and 
subtropical. 

The plants are annual herbs, as in Specularia, a small genus, 
mainly north temperate, represented in England by S. hybrida — 
a small plant with an erect or recumbent stem occurring in 
cornfields and dry soils—some species of Campanula and 
others. Others are biennial, with generally a thick fleshy 
tap-root, as in species of Campanula , e.g. C. Rapunculus 
(Rampion), Michauxia (Asia Minor) and others. Generally, 
however, they are perennial, in which case the main axis 
bears a rosette of leaves and the flower-bearing shoots arise 
laterally, as in C. rotundifolia (Hare-bell), or the main axis 
bears flowers, as in C. Trachelium, glomerata, persicifolia, etc.; 
the lateral shoots bear leaves and an inflorescence, the lower 
portion persisting generally for one or two years as a 
rhizome; in Canarina, a native of the Canary Islands, one 
or more of the roots become thick and tuber-like. In other 
cases the main shoot perishes each year and the new lateral 
shoots become separate individuals, as in our British 
Lobelia Dortmanna, which roots in gravelly mountain lake- 
bottoms, the short main axis developing long slender 
stolons which form the new shoots. The aerial stems are 
generally erect, sometimes twining, as in species of Codon- 
opsis (natives of the mountains of Central and Eastern 
Asia) and Cyphia (South Africa). Shrubby forms also 
occur, sometimes of remarkable form, as in Campanula 
Vidalii, a native of the Azores, and several small South 
African genera which have sometimes a heath-like habit (as 
Ro'ella, Rhigiophyllum). A group of genera belonging to the 
subfamily Lobelioideae, native of the Sandwich Islands and 
other Pacific Islands, are shrubs or small trees, and the large 
tropical American genus Centropogon, of the same subfamily, 
consists of shrubs which are sometimes climbers. The large 
genus Lobelia comprises herbs, more rarely shrubs; a remark¬ 
able development is shewn by the Tree Lobelias, which are a 
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feature of the high mountain flora of tropical Africa. These 
reach 15 ft. in height and have a stout, sometimes woody, 
cylindrical stem bearing a dense crown of long narrow leaves 
and ultimately forming a tall terminal spike of flowers. I he 
lower part of the stem is marked with the scars of the fallen 

leaves. 

The leaves are generally spirally arranged, but whorled or 
opposite in Canarina, alternate or opposite in 11 ahlenoergia, 
opposite in Campanumaea and others. The radical leaves 
often differ from the cauline, as in Campanula rotund ifoha. 
The leaves are usually entire or toothed, rarely pinnatelv cut. 


A general anatomical character is the presence of articulated 
laticiferous tubes which occur in almost all the organs. Inte 
stem they are generally limited to the inner region of the phloem 
more rarely they are found in the outer portion or in the cornea 
Trenchyma; they are infrequent in the pith. Deviations from 

the typical stem-structure occur in many species of ( 
and to species of allied genera. In the simpler cases internal 
phloem is present, in the more complicated there are one or 
more rings of distinct collateral or sometimes concentric bundles 
which may even unite to form a closed inner ring. These internal 
bundles generally shew secondary growth in thickness. 

The flowers are usually in racemes, spikes or heads 
which in the subfamily Campanuloideae have a terminal 
flower, generally absent in the other subfamilies. In Jaswne 
and Hedraeanthu* the outer bracts form an involucre^ 
Solitary terminal flowers arc characteristic of some small 
genera ( Cyananthus , Roella) and are also found m species of 
Campanula, and other genera; solitary axillary flowers also 


^Lateral flowers generally have a pair of bracteoles, in the 
axils of which branching may take place developing dichasia 
which pass over into monochasia. The small, someuhat 
peculiar, genus Pentaphragma (India and Malaya), which has 
also very asymmetrical leaves, has a terminal dorsiventra 
cyme rolled up at the apex closely resembling an mflorescenc e of 
Boraginaceae or Hydrophyllaceae. 

The family falls into three subfamilies distinguished especially 

bv floral characters as follows. 

J 3 7~i 
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Subfamily I. Campanuloideae. Flowers regular; anthers gener¬ 
ally free (figs. 267, 268). 

The sepals, petals and stamens are usually five in number, but 
not infrequently more (6 to 10), as in Michauxia and Canarina 
(generally six), sometimes fewer, as in Waklenbergia (often three 
or four). The sepals may be swollen at the base as in many species 
of Campanula , and may sometimes bear lateral appendages. The 
corolla is generally bell-shaped, sometimes very open, as in 
Campanula persicifolia, C. carpaiica and others, more rarely 
funnel-shaped ( Merciera) or rotate ( Specularia ), or the petals are 
almost or quite free, as in Michauxia and Phyteuma ; the union 
of parts may be greater in the bud than in the open flower, and 



Fir.. 207. Flower of Campanula pusilla to illustrate method of pollination. 

A. Young bud in longitudinal section, the unoj>ened anthers surround the 
brush of the style; w, nectary, protected by the arching bases of the stamens. 

B. Stamens and pistil of a bud about to open; the style-brush is covered 
with pollen from the anthers. C. Stamens and style in first or male stage. 
1). Same in second or female stage. (After H. Muller.) 

the method of separation is often very characteristic, as for 
instance in Phyteuma , where the petals may remain united at the 
apex, becoming free below. In the cleistogamic flowers of Specu¬ 
laria there are no petals. 

The stamens are often broadened at the base, forming a hollow 
chamber above the nectar-secreting epigynous disc, and the 
anthers are free. The relation of the parts is admirably adapted 
t.o pollination by insect-agency. Thus in Campanula in the bud 
(fig. 267, A) and the early stage of the flower the appressed 
stigmas form a cylinder, the outer surface of which is covered 
with long hairs; in the bud the anthers surround this brush and 
shed their pollen upon its hairs (fig. 267. B); as the flower opens 
(fig. 267, C) the stamens wither and fall back into the flower, while 
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the columnar style presents a brush thickly covered with pollen 
which is rubbed off by the bodies of humble-bees and other insects 
which probe between the broad bases of the stamens for nectar. 
In the next stage (fig. 267. D) the collecting hairs have withered 
and the three stigmas separate and expose their receptive upper 
faces. In absence of cross-pollination, self-pollination may be 
effected by the bending back of the stigmas to pick up grains of 
pollen still adhering to the style. In Phyieuma the long strap¬ 
shaped lobes of the corolla cohere for a time in the upper portion 
and form a narrow tube up which the i»ollen is pushed by the 
lengthening stvle and projects in a mass above the mouth; in the 
second, female stage, the style bearing the three now expanded 




Fu; ->«8 A Flower of Campanula Uiti/olia, slightly reduced. B. Fruit of same, 
*** slightly enlarged. C. Scid of same, * 10. D. Frmt of <?. Rapunculu*. x 3. 
p % valve. , 

stigmas escapes from the corolla; the small flowers are aggregated 
into heads or dense spikes, their aggregation rendering them 
conspicuous; the method of pollination closely resembles that of 

° The Resemblance to the Coinpositae is still more marked in 
Jasicme (SheepVbit), in which the small flowers are closely 
arranged in terminal heads surrounded by an involucre of bracts. 
The nectar is easily accessible even to short-tongued insects as the 
corolla is cleft to the base into narrow linear lobes and tin thin 
staminal filaments are free. The stamens cohere at the base of the 
anthCto forrn a ring round the style, which in the first stage 
elongates, bearing the brush densely covered with pollen abovt 
the corolla-lobes, and afterwards, when pollen and hairs have dis¬ 
appeared, displays a two-lobed stigma. Larger insects will come 
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into contact with many flowers at one visit, and the small size of 
the flowers is thus compensated for by the union of a large number, 
sometimes considerably over 100, in a single head. 

The number of carpels varies. When two in number they are 
generally median, when three the odd one is generally posterior; 
when there are five they are alternate with the stamens ( PlcUy- 
codon and other genera) or opposite (species of Campanula, 
Wahlenbergia and others). The ovary is generally two- to five- 
chambered (rarely 6 to 10). The ovules are generally borne on 
thick, sometimes stalked, central placentas. In the small South 
African genus Merciera the one-celled or incompletely two-celled 
ovary contains four basal anatropous ovules and in another 
small South African genus, Siphocodon, the ovules are pendulous 
from the top of the three-celled ovary. In the subtribe Wahlen- 
berginae the ovary is often elongated conically above the line 
of insertion of the catyx, being more or less half-superior, as in 
Wahlenbergia, or sometimes quite superior, as in Cyananthus 
(mountains of Central and East Asia). 

Subfamily II. Cyphioideae. A small group of herbaceous plants 
with zygomorphic flowers and stamens with filaments sometimes 
united, but the anthers are free. Includes Cyphia, with about 
20 species in Africa, mainly south (some have twining stems), 
and a few small West American genera. 

Subfamily III. Lobelioideae. Flowers strikingly zygomorphic 
(fig. 269), rarely unisexual, pentamerous with reduction to two 
in the pistil. The odd sepal is anterior but by twisting of the 
flower-stalk through 180° (resupination) becomes posterior in the 
open flower. The petals are united into a tube, which is, however, 
often split more or less to the base, rarely are they quite free. 
The filaments of the stamens are more or less united and the 
anthers join laterally to form a tube (syngenesious), as in Com- 
positae. The style bears a crown of hairs which in the first or 
male stage of the flower is at the bottom of the anther-tube; 
by lengthening of the style the pollen is pushed out of the tube 
and detained above it by the stiff hairs on the top of the 
anthers (fig. 269, C). After the removal of the pollen the two 
stigmas project from the tube and fold back to expose then- 
receptive surfaces (female stage, fig. 269, D, E). The long-tubed 
flowers of some species of Siphocampylus (a large tropical 
American genus) are probably pollinated by humming-birds. 
In Lobelia (fig. 269) and other genera the ovary is often half- 
inferior or almost superior. 

The fruit is generally a many-seeded capsule, the form and 
mode of dehiscence of which vary considerably in different 
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genera. Thus in Campanula it opens by three to five small 
lateral valves below the calyx; when the fruit is erect, as in 



rti- a R Leaf and inflorescence, slightly reduced. 

Fiu. 2<59. Lobelia OAsurgcns. A. x 2 l ; the pollen is being pushed 

C. Flower in vertical section, in mate-tt* ’ -\» Aow {he stigma. D. Flower 
out of the anther-tube, a, by the bru ' E Tip of anthers with 

in later, female «|Mthe st hairs » on the lowest 

open ,Jl. ~ - •«">•*>»• 
G. Seed, x 25. i, rv . 

C. Rapunculusifig- 268. D), the valves are dese under tl,e cal 

lobes'when the fruit droops, as m C. rotund,folia, G. lahfotia 
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(fig. 268, B) and others, the valves are at the base of the fruit 
and therefore uppermost in space; thus in both eases some 
jerking of the fruit is necessary to allow the escape of the small 
seeds. In Specularia the long slender capsule opens by three 
slits in the upper part. On the other hand, in Jasione and 
Wahlenbergia it dehisces by valves, equal in number to the 
carpels, above the calyx-lobes. The capsule of Lobelia also 
opens loculicidally by two valves above the persistent calyx 
(fig. 269, F). Rarely, as in Canarina and a few other genera, 
the pericarp is fleshy and the fruit a berry. In Sphenoclea, 
a genus with only one species, a herbaceous marsh-plant 
widely distributed in the tropics, the two-celled capsule 
dehisces by means of a broad lid below the sepals. 

The Campanuloideae are with few exceptions natives of the 
temperate zones reaching northwards into the frigid zone; mail)' 
are alpine. The principal centre of development is the Medi¬ 
terranean region. The largest genus, Campanula, contains about 
230 species in the temperate regions of the northern hemisphere, 
especially the Mediterranean region, a few extending into the arctic 
area. It is represented in the southern hemisphere by Wahlen- 
bergia (100 species), a very widely distributed genus which occurs 
also in north temperate regions; IF. hederacea, a Western European 
species, occurs in the west and south of the British Isles. 

Lobelioideae are mainly tropical and south temperate, but also 
occur in the north temperate zone. Lobelia has about 200 species, 
generally distributed in hot and temperate regions; two species 
occur in Europe, both of which are British— L. Dortmanna, which 
inhabits the margins of lakes in North Europe and North America, 
and L. u re ns, a \Yest European (West France and Spain) species 
% on heaths from Sussex to Cornwall. 

1 he family supplies many well-known garden plants, especially 
of the genera Campanula (Canterbury Bell, etc.) and lobelia-, the 
\ery common dwarf blue species is L. Erinus, a native of the 
Cape. The fleshy roots of some species and the berries of Canarina 
and other genera are eaten; a few are used medicinally; the chief 
is Lobelia injlata , the “Indian tobacco” of North America, which 
contains a volatile alkaloid, lobeline. 

Family II. GOODENIACEAE 

A small family of II genera and about 300 species, mainly 
Australian The plants are herbs or small shrubs without latex, 
with simple exstipulate leaves and flowers solitary and axillary 
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or in somewhat loose cymose or racemose inflorescences. The 
flowers are bisexual, generally zygomorphic, and jientamcrous with 
reduction to two in the pistil. The tube of the corolla is generally 
open on one side, and the petals have often broad membranou.- 
wings. The stamens are usually free from the corolla: the 
anthers are introrse and free or united laterally. I he flowers are 
proterandrous; the pollen is passed into a collecting cup at the 
end of the style before the flower opens, the cup then almost 
closes, leaving a narrow opening covered by hairs. The style bends 
down and stands in the mouth of the flower, visitors to which 
become dusted with the powdery pollen. Pollen is continually 
forced through the narrow opening by growth of the stigma-lobes, 
which finally emerge to receive pollen in turn from visitors from 
another flower. The form of the stigma varies considerably m 
different genera. 

The pistil consists of two median carpels; the ovary is one- to two- 
chambered, generally inferior or half-inferior, rarely quite superior. 
The ovules are generally anatropous and ascending. The fruit is 
usually a capsule dehiscing by valves, sometimes a drupe or nut. 
The straight embryo is generally surrounded by a fleshy endosperm. 

The family is Australian, but species of one of the largest 
genera, Scaevola , have spread to the Pacific Islands and the 
tropical coasts of both hemispheres; the fruit of this genus is 
drupaceous. It is allied to the subfamily Lobelioideae of tam¬ 
pan ulaceac, but is distinguished byabsence of latex, the anatomical 
structure of the stem, which has frequently an extra-fascicular 
cambium, and bv the further specialisation of the pollmation- 
mechanism in the development of the characteristic pollen¬ 
collecting cup. 

Family III. STYLIDIACEAE 

A small Australian family of three genera with about 120 
species (of which more than 100 are included in Styhdium) 
of herbs or small shrubs, sometimes moss-like in habit. Latex 
is absent. The leaves are exstipulate and generally narrow and 
grass-like, often forming a basal rosette from which spring.- 
the elongated axis beuring a raceme of flowers. 1 he flowers are 
bisexual or unisexual by abortion and have a pentamerous eal.\ x 
and corolla, the sepals are generally free, the petals united below 
with five limbs, four of which are generally similar whih 
anterior (labellum) is often different in form and bent downwanl-. 
There are two stamens which are united with the style to form 
the “column.” The extrorse anthers dehisce transversely 1 he 
two carpels are median; the ovary is inferior and two-celled or 
more or less completely one-celled by disappearance of the septum, 
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and the placentation ranges from axile to free-central. Two short 
stigmas alternate with the anthers. The flowers are proterandrous 
and evidently entomophilous. In many species of Stylidium the 
column is sensitive to touch: in its normal position it is bent 
forwards and springs backwards when touched, after which it 
gradually resumes the original position. The fruit is a capsule, 
generally opening septicidally. The usually numerous seeds have a 
delicate coat and contain a very small embryo in a fleshy endosperm. 

The stem-structure is peculiar. The primary vascular bundles 
remain separated by parenchymatous tissue which later becomes 
sclerenchymatous. In species with an elongated stem where 
secondary growth in thickness takes place, new bundles are 
developed outside the primary ring, recalling the method of 
secondary growth in Dracaena and Yucca. An interesting an¬ 
atomical peculiarity is the oblique position of the tall epidermal 
cells in many species of Stylidium giving the appearance in section 
of a several-layered epidermis; this is associated with the pro¬ 
longed apical growth of the young leaves 1 . 

In some species of Stylidium carbohydrate is stored in the form 
of inulin. 

The peculiar habit and anatomical structure, and above all the 
high degree of specialisation in the androecium and pistil, dis¬ 
tinguish the family from other members of the order. 

Family IV. COMPOSITAE 

Flowers (florets) in heads (capitula) or short spikes, generally 
sessile and either subtended by scale-like bracts, or bracts 
are absent; the head surrounded by a few- or many-leaved 
involucre of bracts. Florets of a head 
bisexual or unisexual (monoecious or 
dioecious), or the outer (ray-florets) 
female or asexual; generally 5-merous 
and regular or medianly zygomorphic. 

Calyx absent or represented by the 
pappus in the form of an epigynous 
ring, or hairs, bristles or scales, which per¬ 
sist in the fruit. Corolla gamopetalous, 
regular, bilabiate or ligulate. Stamens 
isomerous,inserted on the corolla-tube; 
filaments generally free; anthers two-celled, and united 
laterally into a tube, dehiscing introrsely by longitudinal 

1 See Bums, G. P. “Boitrjige z. Kenntniss d. Stylidiaceen.” Flora, lxxxvii, 
313 (1900). 
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Flo. 270. Diagram of a 
bisexual tubular flower; d, 
disc. (After Eicliler.) 
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slits; connective generally prolonged above the anthers, 
stamens usually absent from the female flowers. Ovary 
inferior, unilocular, formed from two median carpels, con¬ 
taining a single anatropous ascending ovule with one integu¬ 
ment; style slender, in the fertile flowers divided at the top 
into two limbs which are stigmatic on the inner face and, at 
least in the bisexual flowers, bear hairs on the outer face or 
at the tip; in the male flowers generally undivided. Fruit a 
one-seeded inferior achene (cypsela), often crowned by the 
persistent pappus. Seed erect, filling the fruit, the coat 
uniting with the pericarp; endosperm absent; embryo straight 
with a short inferior radicle and flat or semicylindncal, some¬ 


times involute cotyledons. 

Herbs or shrubs, rarely arborescent, with generally alternate. 

more rarely opposite, exstipulate leaves 

Genera over 800; species about 14,000. A 'ey K 
cosmopolitan family, containing about one-tenth of the tot a 

number of flowering plants. 

The plants shew a remarkable diversity in habit. In the 
world-wide genus Senecio, the largest in the family, with 
about 2500 species, are included annual and perenma let s, 
such as our British species S. vulgar,s (Groundsel) and 
8. Jacobam (Ragwort), climbers, as the Eastern Astatic • 
scanderu, , and various tropical and South African »P ■■ 
undershrubs or shrubs, as in species in the Mediterranean 
region, South Africa, Canary and Sandwich Islands, fleshy 
herbs or shrubs, as in the section Klein,a (mainly Cape) and 
trees with a simple or slightly branched stem bearing dense 

crowded heads of large leaves, as in the tree * 

mountains of tropical Africa, Madagascar and St He'emn 
Other species on the Andes of South America have creeping 

tufted stems, sometimes woody at the base, am ' ‘ ' 

occur shrubby species of heath-like habit with closely cro led 

narrow leaves. Marsh-plants occasionally occur in the fan y 

but true water-plants are rare 1 . 


1 Hutchinson, J., in Gardener* Chronicle. UX. Irw^rujlhlcal distri- 

aquatic herbs widely separated in systematic I** Africa, and Peclia and 

bution (species,of Biderut from N. Amenca, , a^r stem* and having much 
Eriyeron, Mexico). They are small herbs with slender sUm*. 

cut submerged leaves. 
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A tap-root is frequent, as in Dandelion, Sow-thistle and 
others, and may bear adventitious buds by means of which 
rapid vegetative propagation is ensured. In some cases the 
roots are tuberously thickened or bear tubers, as in Dahlia. 
In others, as perennial species of Helianthus, the plant 
multiplies by stem-tubers produced on the rhizome; those of 
H. tuberosus (Jerusalem Artichoke) are edible. Effective 
vegetative propagation is ensured by short stolons, as in 
Beilis perennis (Daisy), or the long runners of Achillea Mille¬ 
folium (Milfoil). The stem is most generally herbaceous, some¬ 
times undeveloped, giving a scapigerous habit, the flowering 
stem rising from a radical rosette of leaves, as in Dandelion, 
and some Hawkweeds ( Hieracium ), or erect and more or less 
branched, as in Cichorium (Chicory) and Lapsana (Nipple¬ 
wort) ; the herbaceous stem may become shrubby below, as in 
Artemisia, Tanacetum (Tansy) and others. The suffruticose 
or shrubby habit is also frequent and several widely separated 
genera are arborescent ; the shrubby and arborescent habits 
are characteristic of island- and mountain-floras; examples are 
three small genera confined to St Helena, Wilkesia (Sandwich 
Islands)and Astemma (Andesof Quito); also thesmall subtribe 
Tarchonanthmae (Africa and Madagascar). The large genus 
Mikania (chiefly tropical America) consists mostty of twiners, 
herbaceous or shrubby, and the South American Mutisia 
includes shrubby climbers, the midrib of the leaf ending in 
a simple or branched tendril. A section of the large American 
genus Baccharis has a leaf-like winged stem, on which the 
leaves are often more or less suppressed; its speeies are natives 
of the Campos of Southern Brazil. In some xerophytic species 
the branches become converted into thorns, as in Proustia 
(Andes) and others. 

The leaves are generally alternate, though not infrequently 
crowded in radical rosettes. Opposite leaves are characteristic 
ot many species and genera, and arc the rule in the large 
tribe Hehantheae (Sunflower, etc.); whorled leaves occur ex¬ 
ceptionally. Although simple, the leaves shew great diversity 
in size, form and depth of incision. In the tree Senecios they 
are very large and undivided. In xerophytic species they 
may be small and scale-like, or, as in Hoplophijllum , a small 
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genus of the South African Karroo, converted into thorns. 
An ericoid habit with needle-like rolled leaves is character¬ 
istic of many genera and even subtribes, such as Relhamnae 
and Athriocinae (mainly South African). Narrow parallel- 
veined leaves of monocotylcdonous appearance are character¬ 
istic of a few genera, as Corymbium (South Africa) and 
Schlectendalia (Brazil), with the habit of an Erynytum. Hie 
venation is pinnate and the blade is entire or more or less 
deeply cut between the lateral nerves. Though typically e.\- 
stipulate, auricles are sometimes present at the leaf-base, as 
in Senecio and other genera; and decurrent leaves are widely 
distributed through the family, sometimes rendering the 
branches winged, as in Onopordon Acanth turn (Cotton 


Thistle). . f 

There is also great variety in the indumentum, often 

associated with the nature of the habitat, from more or less 

complete absence of hairs, as in Dandelion, Daisy and others, 

to the thick felt characteristic of alpine or otherwise xero- 

phytic plants, as Gnaphalium , Filayo and others. Many 

species of Senecio have a loose cottony indumentum; stellaU 

hairs are frequent in the Hawkweeds (hieracium). In 

Helianthus and allied genera the hairs are surrounded at the 

base by silicified cells which after the fall of the hairs render 

the surface rough, as is characteristic of many Boraginaceae. 

Glandular hairs also occur, often rendering the plant stick} , 

as in Senecio viscosus, a local plant in Britain on waste dry 

ground. The tribe Cynareae, which includes the various 

genera of thistles and thistle-like plants, is characterised by 

development of bristles and spines on the ec ge am 

of the leaves and often also on tiie stem. 

The tribe Cichorieae is characterised by a s . vst ‘‘ M1 ‘ 
laticiferous vessels which accompany the phloem ti m * 
are formed by the disappearance of the transverse vvaU* from 

longitudinal rows of cells and are also free \ jonu( . 
unions. In the other tribes oil-containing passages occur ... 
the cortex outside the vascular bundles,running fro,,, the root 
through the stem and generally continued into the lent. 

The carbohydrate reserve-material inuhn is diss 
the cell-sap of the roots and tubers of many mom u r> 
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family, as Helianthus tuberosus (Jerusalem Artichoke), Inula 
Helenium and others. 

The capitulum is an indefinite inflorescence, the flowers 
opening in acropetal succession, the youngest being in the 
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Fio. 271. Helianthus annuus. A. Portion of head in longitudinal section. 
B. Disc-floret in vertical section, x 3. C. Fruit, x 1$. D. Fruit in vertical 
section, i, bracts of involucre; b y bract subtending a single floret; r, ray- 
floret; d y disc-florets. 
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Fio. 272. Echinoglobifcr. A. Compound head, slightly reduced. B. A single 
head, x U. C. Floret, the corolla partly cut away, x6; c, collecting hairs 
on style. 


centre (fig. 271, A). It conveys the impression of, and is to 
some extent biologically analogous to, a single flower. The 
involucre of bracts performs the protective function of the 
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calyx in the bud and also subsequently in cases where the 
heads close periodically, and ultimately in the fruiting ^tage. 
The ray-florets play the part of an attractive corolla and the 
disc-florets the parts of the stamens and pistil. The number 
of florets in a head varies enormously from several thousands, 
as in the huge heads of some Sunflowers, to a single flower, 
as in Echinops (fig. 272) and other genera, or in individual 
species of certain genera, as Vernonia uniflora. Single-flowered 
heads are however generally associated in secondary heads, 
as in Echinops , or in close corymbs. In few-flowered heads 
the number of florets is often fairly constant. 

The shape of the floral or fruit-bearing axis also varies 
widely. It is usually flat or slightly convex, but may be 
elongated and spike- or cone-like, as in Kudbecha (hg. -i ) 
and Speilanthes, or, on the other hand, deeply concave, as in 
Epaites (fig. 274). These two extremes are connected by inter¬ 
mediate forms. In Xanthium. where the heads are un.sexua . 
the axis grows up round the pair of female flowers which 
become quite buried, only the styles emerging through an 
apical aperture (fig. 277, C). The form of the bead is corre¬ 
spondingly varied. The axis is solid, or, as in Mat, icurrn , 
Tragopogon and others, hollow; in the Sunflower it is filled 
wilt loose spongy tissue, in the true Artichoke (Cynara 
Scolymus) it is fleshy. In many of the tribes or K,,h * rlb ** ea ‘ 
floretstands in the axil of a bract-, he so-called sea s or 
paleae-as Helmntheae (e.g. Sunflower, hg. 2/1). Anthe n, 
dinae, in others, as Helenieae,Calendtd e ae (e g.. arigo < *■ 

bracts are absent. After removal ot the flowers or fruit he 
receptacle is often smooth but in other cases variously pitted 
or tubercled at the places of insertion of the florets 

(fig The 7 involucre may consist of a very large indefinite number 
of spirally arranged bracts (200 or even more) or the n un. 

is comparatively small and sometimes vert < i >'i i . 
the climbing genus Mikania (fig. 273, there atelorn. n 
genera where the heads are few-flowered and uted mto 
secondary heads, the primary heads may have vt ' r > t , |l|S 

while the secondary bead has an indepen en in ’ ' 

in the subtribe Angianthinae of h-uleae (mamh Australian) 
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the very small heads are one- to few-flowered, with involucres 
of two or few bracts; the secondary heads have a common 
involucre and take the form of a normal capitulum or 
are elongated into cylindrical spikes giving the plant a 
remarkable appearance. In the arborescent genus WUkesia 
(Sandwich Islands) a true involucre is absent and its place 



Fi<; 273. Mi lanin srandens. A. Portion of plant, f nat. size. B. Head of 
flowers, x 4 : note tl.e involucre of four bracts. C. Disc-florct in vortical 
,s c ,un ’ x * bree stamens, \ 14. K. Fruit surmounted by pappus, x 0. 


is taken by a whorl of true floral bracts, that is those which 
subtend the individual florets. This is assumed to be the case 
b\ a comparison with the allied genus Argyroxiphium , in 
which a true involucre is followed by a series of female 
flowers, inside which is an inner “involucre” formed from 
the true floral bracts and enclosing the bisexual flowers. In 
Lnothnx. a monotypic genus with the habit of Lycopodium , 
from Bourbon, there is no true involucre, but the small heads 
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stand at the end of the branchlets, the small closely-crowded 
narrow leaves of which amply protect the few-flowered heads. 
Where the involucral bracts are arranged in several series, 
differences often occur between the members of each series, 
generally the outer are shorter than the inner; the outer may 
be so different as to suggest a distinct outer involucre, as in 
Senecio , where, in addition to the upper series or inner 
involucre, there is in some species an outer involucre of 


smaller bracts. 

The consistence of the involucral bracts also shews great 
variety. They are leaf-like in Sunflower, tough and leathery 
in the true Artichoke ( Cynara ), or more or less membranous 
or scale-like. Frequently they become dry and scanous at 
the tip or margin or form large dry-membranous white 
or brightly coloured attractive outgrowths simulating ray- 
florets as in Xtranilumum (Mediterranean) and the Ever- 
lastings (Helichrysum). IntheCarUne thistle (Carhna vufrns) 
the outer bracts are leafy and spreading with spirit -toothed 
margins, the inner are long, narrow, scarious coloured and 
shining, forming against the green background the attractive 
element of the head. The stiff, bristle-like edges of the bracts 
of Knapweed ( Cenlaurea) and the stiff barbed point in 
Burdock ( Arctium ) are aids to scattering the fruits. In the 
section Calcitrapa of Centaurea the bracts are prolonged into 

strong stiff somewhat branched spines. . 

The heads are sometimes solitary, either term.na or 

axillary. In some cases where a scape springs from a radical 
leaf-rosette the plant bears only one head, as in some Hawk- 
weeds eg Hieracium Pilosella (Mouse-ear Hawkweed). 
Generally however, the heads are associated in inflorescences 
frequently paniculate, but also racemose and cymose, and 
often corymbose in form. Reference has already been made 
to the secondary heads formed by association of a number 
small heads and often possessing a common involucre. 

The form of the flowers in the head and the distribution 

of the sexes are also very varied. In the simplest case al the 
heads are uniform and the individual florets of each head ha c 
the same form and the same function; they are then styled 
homogamous and probably represent the original form fro 


K. II. 



FLOWERING PLANTS 


594 

which others have been derived. In the homogamous head 
the florets are regular as in species of Senecio , Eupatorium 
(Hemp-agrimony), or two-lipped (many members of the tribe 
Muti-neae), or ligulate, as in Cichorium (Chicory). An early 
stage in differentiation is represented by cases where, as often 
in Dandelion, the corollas of the outer florets shew a difference 
in colour, in this case red on the underside, or are, as in 
many Mutisieae, better developed or shew slight differences 
in form, thus indicating a transition to the development of 
distinct ray-florets. In the monotypic Australian genus 
Schoenia all the flowers are bisexual, but only the outer are 
fertile. In the heterogamous head the disc-florets are bisexual 
and either fertile or functionally male, while the marginal 
florets are female and more or less different in form from the 
disc-florets (rudiments of stamens may be present, as in 
Tussilago, Coltsfoot); in a further stage the ray-florets 
become merely attractive organs, a pistil is present but no 
fruit is formed, or the pistil is more or less completely sup¬ 
pressed and the flower becomes structurally and functionally 
asexual. In a limited number of genera the separation of the 
sexes is complete, and male and female flowers are borne on 
distinct heads, either on the same plant, as Xanthium (fig. 
277) (where the male heads are found at the ends of the 
branchlets and the female lower down), Ambrosia, and other 
genera of the same tribe, or on distinct plants, as in the large 
American genus Baccharis. Petasites (Butter-bur) is sub- 
dioecious, the separation of the sexes being incomplete. 

Its usual functions having been relegated to the involucre, 
the calyx is represented by a rudimentary structure or be¬ 
comes fully developed only in the fruit, and functions as an 
organ for aiding dispersal. In a few cases there is no trace of a 
calyx, as in the subtribe Ambrosiinae (Xanthium, etc.); gener¬ 
ally however the calyx develops as a small ring-like swelling 
round the base of the corolla, which n\ost frequently appears 
after the corolla and stamens, the position of the sepals being 
indicated by five thickenings or swellings at points alternating 
with the petals and opposite the stamens. This type recalls 
the reduced calyx of Umbelliferae and many Rubiaceae. In 
most cases a further development takes place to form a 
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pappus, which is only fully developed when the fruit is ripe. 
The whole edge develops to form a toothed, notched or 
divided crown, or the pappus takes the form of scales or 
bristles corresponding in number and position to five sepals 
(or fewer), as in many members of the Heliantheae , for instance 
Bidens (fig. 278, B), where there are two to four barbed 
bristles, or Gaillardia, where there are five (or more) dry 



Fig. 274. EpaUea gariepina. A. Head of flowers. *4. B. Head m »ertuahti n. 
x 2); I. involucre. Several scries of female flowers,/, are arranged on the 
outside of the concave receptacle, the large disc-tlorets have J M >th >tanu n 
and pistil hut do not produce fruit; they occupy the floor of the ^t'ta.h. 
C. A disc-floret, x 12. D. A female (fertile) floret. *12. h. h uit. ---• 
F. Receptacle surroumled by involucre of bracts after the fruits 

fallen, x 2J. 

membranous awned scales: or there are an indefinite number 
of bristles or hairs (fig. 273, E), sometimes forming several 
concentric series, often differing in nature, or ciowdtt into a 
dense tuft. The outgrowths are purely epidermal develop¬ 
ments or the underlying cell-layers also contribute to t uir 

formation. 

It seems more in accordance with comparative morphology 
to regard the pappus as a development of the calyx, >ut it 
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has also been regarded as representing merely trichomes or 
emergences. Much has been written as to the true homology 
of the pappus and the discussion has been summed up by 
Eichler (1875), who regards it as a modified calyx, and 
recently by Small (1919), who concludes from its general 
trichome-structure that it has no relation to a true calyx. 
Where, as in many Vcrrtonieae and Cynareae , there are a 
large number of hairs or bristles arranged in several series of 
varying size, the less important series may represent merely 
epigynous outgrowths. 

The regular corolla has a shorter or longer tube passing 
gradually or suddenly into a broader cylindrical funnel, or it 
is bell-shaped opening with five teeth. The two-lipped corolla 
has an upper lip representing two and a lower lip representing 
three segments; in rare cases the upper lip represents one 
and the lower lip four segments (as in the South American 
Barnadesia). The true ligulate corolla is deeply split on the 
posterior side and prolonged on the anterior into a strap- 
shaped limb made up of all the segments, as indicated by the 
five teeth at the apex. This may be compared with the 
arrangement of the segments in Teucrium (Labiatae), where 
the upper lip is deeply cleft and the two lobes are bent 
towards the lower lip which thus becomes five-lobed. In the 
so-called falsely ligulate corolla the strap is only formed of 
three petals, and represents a much-developed lower lip, the 
upper lip being slightly developed or suppressed, as in 
Calendula (Marigold) (fig. 279, C). 

The nervation of the corolla-limb is peculiar. Generally the 
main nerves do not run, as might be expected from a com¬ 
parison with the mid-vein of a leaf, to the apex of the segment 
but towards the base of the notch between two segments 
(commissural nerves), below which the nerve forks sending a 
branch right and left to unite below the apex of the segment 
with the corresponding branch from the nerve on either side 
(fig. 279, C); in some cases a midrib is also present, but is not 
connected with the commissural nerves. In Sunflower the 
broad petals have numerous parallel nerves which anastomose 
freely. 

The stamens are attached to the corolla-tube and alternate 
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with its segments. The filaments are with few exceptions 
free; in Silybum and other members of the tribe Cynareae 
they are united to form a tube. In the anemophilous subtnbe 
Ambrosiinae the anthers are quite free or only loosely united 
(Xanthium, fig. 277); but the cohesion in the family generally 
is not very strong as the anthers may separate when the 
flower withers. The base of each anther-cell is sometimes 
rounded (tribe Eupatorieae), but is often produced into a short 
or long tail, which may unite with the adjacent tail of the 
next anther, and serve to protect the nectary round the base 



B 

[O. 275. Rudbeckia pinnata. A. Head of J na ,J' Jh Vub- 

arc bisexual and arranged on a convex receptacle. H. I *»« 
tending bract, in vertical section, *4; scale-l* 1 \ u I 1 

the style from access of water, and also more effective y to 
ose the end of the staminal tube and thus avoid waste > 
>llen (see Small, p. 37). The connective is with feu ex 
options prolonged above the anther into a )r0li( 
jpendage. The filaments are sometimes sensitive, as m 
entaurea and others, and shorten on being touched (tig- - < 
The ovary is formed from two median antero-postei mr 
irpels which unite at the edges; the single ovule springs lorn 
le floor of the chamber, slightly below the centre, in fro 
f the middle line of the anterior carpel (figs. 
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Except in asexual flowers a long cj'lindrical style is present, 
surrounded at the base by a ring-like or shortly tubular 
nectary—the nectary is absent in many male flowers. The 
style generally divides at the apex into a pair of longer or 
shorter style-arms on the inner face of which are borne the 
stigmatic papillae; on the outer side are the pollen-collecting 
hairs, at first appressed but afterwards spreading. The form 
of the style-arms and the distribution of the stigmatic papillae 
and the collecting hairs shew remarkable differences in 
detail which afford characters for distinguishing the various 
tribes and also genera. In species of Arclotis the style is 
sensitive to touch. 

The remarkable success of the Compositae, as evidenced by its 
great numerical preponderance in genera and species over other 
families, the abundance of many of its species, and its world-wide 
distribution, is at any rate in part due to the admirable adaptation 
of its flowers for cross-pollination by a great variety of insects. 
H. Muller points out that L’mbelliferae alone rank with Com¬ 
positae in regard to variety of insect-visitors, but while in Um- 
belliferae the nectar lies exposed to the rain on the epigynous 
disc and is thus suitable only for short-tongued insects, in Com¬ 
positae it is secreted at the base of a narrow tubular corolla, and, 
as it accumulates, rises into the wider part of the corolla, where 
it then becomes accessible to the most short-tongued insects, but is 
protected by the anthers from rain. It is thus accessible not only 
to short-tongued insects but may be sucked by bees and Lepi- 
doptcra, and observation shews that most Compositae are visited 

to a greater extent or even principally by the most specialised 
orders of insects 1 . 

In addition to the plentiful supply of easily accessible nectar 
and its protection from rain, other factors are the close association 
of the flowers and the possession of a pollen-mechanism which 
ensures cross-pollination in the event of insect-visits. Aggregation 
renders the flowers more conspicuous, and this may be increased 
by the florets being directed outwards, as in Centaurea (Corn¬ 
flower, Knapweed), or by the ligulate character of the corolla 
which becomes exaggerated towards the margin of the head, or 
by the development of distinct ray-florets, or sometimes, as in 
"j v an inner series of conspicuous involucral bracts. 

the pollen-mechanism is similar to that already described for 
Lobelioideae, but shews greater elaboration and variety. The 

^aZZnTrllrT°' ,M '‘ t thi. family, fleeH. Muller 
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coherent anthers form a hollow cylinder, and deh.sce .ntrorsel} 
filling the cylinder with pollen before the flower o^ns. The 
style arms are at first closely applied face to face m the lower part 
of the pollen-cylinder, and, as the style grows, brush the pol en 
out of the tube by means of the hairs on their outer surface, ulti¬ 
mately they separate and expose their stigmatic SUI ^ act '* 
hairs form a simple ring round the style at the base of the arm , 
as in Ceniaurea (fig. 276) or Cirsium, or are aggregated in a tutt 
“ the ends o7 tL g arms, as in Achillea and Chrysanthemum ; m 


—c 
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Fl<i. 270. Ceniaurea Jacea. A. U J > ^ r J‘jJ^ n u^sh^d.'*^ C^End'of 
B. Section of anther-cylinder before | ,, ( of H„ VV er in second 

style removed from “n/ .er-cy .nder x O^ D ^elongated «n«l cnrrictl up 
stage after removal of the pulltn. th< sty’ anix-nduces of anthers 

the now expanding stigmas (/). «. “ nt, ' t * r J; cylinder; pollen: </. style; 
which at first close the top of the I . ' ti|aII|t . |lt J whio h guard the 
c, ring of sweeping naira;/, stigmas, n % w 
nectar. (After H. Muller.) 

these cases they sweep the pollen before them tut with a brnsln 
In others, as Dandelion or Uonlodon, the u mm I■ I 1 ' |pi £ 

surface of the style is covered with hail's, among 
grains become entangled and are thus earned out 

271, B). In some cases,as in Dandelion in absent t * , the 

self-pollination is rendered possible ,n bisexual 
style-arms ultimately curving backwards till *11 f , 
in contact with the pollen; but the 
pollen-mechanism is illustrated by tin at 
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self-pollination has to a great extent been lost. On the other hand, 
in some species with inconspicuous heads, such as Senecio tmlgaris 
(Groundsel), where the small heads have no conspicuous marginal 
florets and are very sparingly visited by insects, self-pollination 
takes place regularly; the pollen-grains swept out by the hairs 
at the tip of the style remain partly on the edge of the stigmas 
and partly fall upon their inner faces when they diverge. 

Small has studied in detail the pollen-presentation mechanism 
and the correlation between the form of the anther-tube, as deter¬ 
mined by the presence and degree of development of the pro¬ 
longations of the connective above the anther and of the basal 
appendages, and the position and character of the hairs on 
the style-arms. He regards these as the expression of a tendency 
to economy of pollen, the appendages providing for a sufficient 
length of pollen-tube without encroaching on the polleniferous 
portion. An additional feature is the frequent irritability of the 
anther-tube in response to a touch. This had long been known in 
several genera, Centaurea (fig. 276) and others; when touched by 
an insect s proboscis the filaments contract and by drawing the 
anther-tube downwards squeeze some pollen out at the upper end 
at exactly the right moment (fig. 276, A). The list was considerablv 
extended by Juel; and the phenomenon was shewn by Small to 
be of very general occurrence, some form of irritability being 
observed in 253 out of 360 species and varieties examined (i.e. 
70 per cent.). The list of irritable species includes all the tribes 
and the majority of the subtribes of the family. In a few cases 
the pollen was merely presented at the mouth of the anther-tube 
on touching, but in the majority there was also a lateral move¬ 
ment of the anther-tube, generally towards the touch: in a few 
eases ((,'erbera and Pcrezia) the pollen was extruded with almost 
explosive rapidity. Irritability of the style has been recorded 
only in three genera of the tribe Arctotideac (South Africa). The 
mechanism is described in detail by Small*. The closely appressed 
style-arms emerge in the first (male) stage of the floret covered with 
pollen and if touched move quickly in the direction of the touch. 

Recovery is rapid and irritability is regained in less than half-a- 
nunute. 

The marked proterandry of the florets, associated with the 
centripetal development in each head, favours crossing between 
separate inflorescences. In cases where the development of the 
bisexual florets proceeds slowly from the margin inwards, an 
msect alighting on the head at the margin will, in early stages of 
the head, visit pollen-hearing florets only, and in later stages of 

1 Sew Phi/lologi.sl. \iv, 21<> (1015). 
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the head will visit florets in the second or female stage before it 
reaches those in the male stage (as in Beilis, Chrysanthemum, etc.), 
in many Cynareae (as Carduus), however, the florets open in j>uc i 
quick succession that the head is for a time purely ma e an 
aftenvards for some time purely female. In the compara iv e \ 
few cases where the florets are all unisexual, the outer an rs 
visited are female and the inner functionally male, as in a en u a 
(Marigold) (fig. 279), or the two kinds occur in separate heads, 

thus ensuring cross-pollination. , , 

A further development of the condition referred to in the Ground¬ 
sel, where the inconspicuous flowers depend almost entire \ on 
self-pollination, is illustrated in Artemisia and allied genera. 





Flo. 277. X ant hi urn orientate. A. A male flower.* 1- • ^ |1((W ,. rs arv 

section. C. A female head, in vertiea 1 section. ^ R Hoad 

pletely enveloped in the receptacle, x 4. 1 f,. ma |e receptacle is 

in fruit in vertical section, s M' t, . v ‘ ,<• i) p after Baillon. I 

covered on the outside with stiff hooked spines. ( , 

which many species have become adapted for u ind-pollin.iii u 
Del pi no ha£ traced the steps by which tins may be assumed to 

have occurred, through suppression of the corn a <» 
flower and elongation of the style, the pollen at the sa,nc t nn la 
comingdryand powdery. The small subtril xzAm )o*imac " , 

fig. 277) is completely anemophilous, the flower* and f t unt.!> 
the capitula are unisexual; the corolla of the tm , ' , 

more or less suppressed and the stigmas are muc 1 c ()Ilr>< .j j- 
functionally mile heads are's,nail and pendulous the corolla , | 

the male florets has a short tube, the anther* art s r* • no 

or quite free, the pollen is often quite smooth and t _ rv 
nectary. Goebel finds evidence of an insect-po ma < 
in the frequent spinose thickening of the ex tine <> “ P . r 

and in the hairiness of the rudimentary stigma <> u m< 
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The fruit is rarely somewhat fleshy and varies in shape 
from cylindrical to inverted pyramidal or ovoid or com¬ 
pressed; the pericarp is traversed by two to five nerves, 
which may project as ribs or wings. There are numerous 
contrivances for ensuring distribution. During the ripening 
of the fruit the head is enclosed by the involucral bracts 
which when the fruit is ripe stand erect or bend right back; 
this movement may be checked by damp weather, which 
would be unfavourable for scattering the fruits. In Sonchus 
oleraceus (Sow-thistle) the fruits are pressed out by the 
bending in of the bracts, the lower parts of which become 
ultimately applied to the receptacle, and Hildebrand has 
described a similar method in the large globose heads of 
Silybum Marianum (Milk-thistle). The hollow broad club- 
shaped peduncle of Zinnia . Arnoseris and others favours 
movement of the ripe heads by the wind. The wind also 
scatters the fruits from the drooping heads of Artemisia, in 
which the fruits are detained in still air by the withered 
perianths which are pressed together between the involucral 
bracts. In Gorteria, a small South African genus of annual 
herbs, the few-flowered terminal heads are enveloped in the 
fruit by spine-pointed bracts, and are distributed without 
breaking up; the spines serve to anchor the head in the soil, 
and a single seed germinates, the root growing downwards 
through the hole formed by the detachment of the head 
from the peduncle, and the stem upwards between the 
bracts; as the fruit does not leave the head the pericarp 
remains thin. 

Direct aids to distribution by the wind are found in the chaffy 
character of the small fruits, as in manv Anthemideae, or a 
covering of loose woolly hairs on the fruit itself ( Tarchonanllius) 
or on the bract (Eriocephalus) ; or more generally in the parachute 
development of the pappus, which also favours distribution by 
water, as the bubbles of air imprisoned between the hairs act as 
a float. The variety in the form of development of the pappus 
supplies characters for the distinction of genera or smaller groups 
of species; the hairs spring directly from the top of the fruit, as in 
the Thistles, or are carried up on a slender beak-like development 
of the fruit, as in Dandelion; or the individual hairs may be 
smooth, or rough or feathery, sometimes, as in Tragopogon (fig. 
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278, A), they are woven into a delicate web by transverse con¬ 
nections. In other cases, as (iaillanlia , the pappus consists o a 
whorl of broad light scales. Wing-like developments sometimes 
occur on the sides of the fruits, as in \ erbexina (t\\o-v\inge< ) or 
Tripteris (three-winged) or the bract subtending the female 
flower forms an enveloping wing, or, as in the female ouers o 
Zinnia, the Hat ligular corolla j>ersists in the fruit as a broad w mg. 
The fruit of Diotis maritima (Cotton-weed), which is xm<1c > at¬ 
tributed on the shores of the Mediterranean and of the Atlan 
from Britain (rare) to the Canaries, floats by means of a S P™«£ 
development of the persistent corolla-tube, which grows < 
wards and surrounds the greater part of the fruit. 





In other cases spine- or hook-developments e, *' Mir J Slu .j 1 

by means of the fur of mammals or the fea Krs »:s) 

are the few stiff many-barbed pappus-bristles 
and allied genera, the hooked spines c( ^ %c ™ n k -i:nr stiff 

involucral bracts of Xanthiurn (Hg. 277 ) * ' ( . a(1S(> ( j l0 

spreading hooked tips of the bracts of Burt oc . Mexican 

whole head to be carried off. In Twee** » ^\^Z 
genus allied to Zinnia , the corolla of the enm . or ( p, u )>le 

the fruit and becomes bent back, forming a s i s I j 

hook. In Siegesbeclcia orientalis, a specie- w:.ddy d Mnb uud.^ 

the warmer regions of the whole world the in\o 1 individual 

floral bracts bear sticky glandular hai» to which 

fruits adhere and are thus transported. A very w ) u . re 

is afforded by the small tropical American genus - f tM ,mle 

a large bract encloses the small head, containing «» 
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flower, and becomes fleshy in the fruiting stage and is presumably 
attractive to birds. 

In some genera the fruits are polymorphic on the same head, 
as is well seen in the common Marigold (Calendula officinalis) 
(fig. 279), where the outermost are much elongated, with small 
spines on the back, often beaked at the tip, and with a process 



* 10 . 270. Calendula officinalis. A. Disc-fioret, pollen bearing x8 A' One 

B ; , * fer . ,il V ,i * ,na of dii-floret, X 16 C. Ray-floret, 
5 »!»'• ».•«. E- Head of fruits, the steriie 


disc i, n “ ^ Y , 1 x rtead ot ,ruits > the sterile 

the second v,J ' 3 !>phtly enlarged. F. An outer fruit. G. A fruit of 

fniirF-H^rf^^^^ ««-■ b ‘ 

,llt - , next * Ct bave broatl wings iiirolled at the 

incurved oftoli f ' vUhout a beak and the innermost are much 
winos i>„ r i , • ,° m . mg a r,n g- and have also narrow involute 

twren a fe vr ",'i f “ 8 , recentlv not «‘ a difference in shape be- 
ech hides " ()U,or fru,ts and the rest, in the head of Picris 

i bun in* in Ik i> of t!u> family are of economic or medicinal value 
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from the presence of ethereal and fatty oils, resins and hitter 
principles. Among those of medicinal value are Anthem,s nob,he, 
(Chamomile), Arnica monlana, species of Artemisia (Wormwood) 
and Tussilago (Coltsfoot). The seeds of some Hehanthcae are rich 
in a fatty oil, especially Sunflower (//. annuus), which is cultivated 
for this in various parts of Europe, Egypt and India. Insect- 
powder is prepared from Chrysanthemum raseum and carneum ; 
Adenoslemma tinctorium and Carthamus Undonus (Safflower) yield 
colouring matters. The young leaves of many species are' eaten 
as salad; such are Lettuce (Lactuca saliva) Endive [Cichonum 
Endivia), Dandelion, etc. The young shoots of treolymus hispanicus 
and iS* Leu,a,us are eaten in the south of Europe « asparagus 
and the roots of species of Scorzonera, the tubers of Hehaithus 
tuberosus (Jerusalem Artichoke), and the heads of Cynarabcolymus 
(Artichoke) as vegetables. The ground roasted root of C ichonum 
Intybus is Chicory, the common adulterant of coffee Ornamental 
plants are numerous, Dahlia, Aster (including lie 
Daisy) Ageratum, Coreopsis, Zinnia, Hdianthus, Calendula, 
Tagetes (French Marigold), Gaillardia, Helichrysum (Everlastings 

or Immortelles) and many others. # . . 

The family is subdivided into 13 tribes included in two groups. 

I Tubul.florae (including the Labiatiflorae). Laticiferous 
vessels absent, scllizogenous oil-passages frequent. Corolla of 
the disc-florets not ligulate. Tnbes 1-1 - 

II Liouliflorae. Anastomosing laticiferous vessels present, 
oU contaimng passages very rare. Corolla of all the flowers 

ligulate. Tribe 13, Cichoneae. 

Tribe 1. Vermmieae. Heads homogamous ; corolla tubular and 

regular with five narrow lobes, never yellow anthers at the 
base sagittate, blunt, or more rarely short-tailed, with ('laments 
inserted high above the base; style generally deeply divided 
nto two long semi-cylindrical pointed limbs; pappus ».ua V 
setose and copious. Herbs, shrubs or small trees with generally 
alternate leaves. Mainly American, especially tropical; less 
numerous in Africa (many species of Vcnioma) and Asia, a 
few in Australia; not represented m Europe. \ ernoma (A 
species); V. cinerea occurs throughout the tropics. 

Tribe 2 Eupalorieae. Heads homogamous; corolla tubular and 
regular with generally five short teeth, never pure yellow; 
anthers blunt at the base, basifixed; style-arms long, sem.- 
cylindrical, sometimes club-shaped or flattened at the ip, mi h 
collecting hairs on the outside, also on the inside of the hmbs 
above the stigmatic surfaces, which form a pair of marginal 
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lines; pappus often of 5 to oo bristles or of scales, sometimes 
absent . Herbs or shrubs. Leaves opposite or alternate, sometimes 
whorled. The large genus Eupatorium (over 800 species) has a 
few representatives in the Old World; E. cannabinum (Hemp- 
agrimony) is British. Ageralum conyzoides is a widely distributed 
weed throughout the tropics. Mikania (fig. 273), 200 species 
mostly Brazilian, some twining. 

Tribe 3. Astereae. Heads heterogamous with rav-florets female 
or neuter and disc-florets bisexual or male, rarely homogamous; 
corolla of all the florets or of the disc-florets regular; anthers 
as in tribe (2); style-arms flat, stigmatic surfaces forming a pair 
of strongly marked marginal lines above which is a shorter or 
longer portion densely covered on the outside with collecting 
hairs ; pappus various. Mostly herbaceous perennials, or some¬ 
times annuals, but a few southern or insular genera are shrubby, 
as Felicia (South Africa), Olearia (Australasia), T elramolopium 
(Sandwich Is.). Distribution world-wide but more in the tem¬ 
perate than in the tropical zones; about twice as many species 
in the New World as in the Old. Solidago Virgaurea (Golden-rod) 
occurs throughout the north temperate zone; many species are 
aggressive colonists, such as Beilis perennis (Daisy), a European 
species which has become naturalised in North America, and 
American species of Aster, Erigeron and Solidago similarly in 
Europe. Erigeron ainadensis, a common North American weed, 
has become widely diffused throughout the world. British 
genera, Aster, Erigeron, Beilis, Solidago. Olearia, 100 species, 
Australasian. Conyza, 60 species, tropical. Baccharis, 360 
species, tropical American, has dioecious or polygamo-dioecious 
heads. 

Tribe 4. Inuleae. Heads heterogamous or homogamous; corolla 
of all, or of the disc-florets only, regular, with four or five short 
teeth or lobes, usually yellow. Anthers tailed; style-arms 
various, without terminal appendages; pappus usually setose 
with simple or plumose bristles. Habit various; leaves generally 
alternate, often with woolly hairs, sometimes heath-like. Widely 
distributed. Tarchonanthus, a few south and tropical African 
species of small dioecious trees w ith leaves smelling of camphor. 
British genera, Inula (100 species, Europe, Asia, Africa), Puli- 
e/ina (30 species, mainly Mediterranean), Gnaphalium (150 
species, temperate and subtropical), Filago (12 species, north 
temperate of Old World). Leontopodium alpinum is Edelweiss. 
Raoulia, mainly New Zealand, forms thick cushion-like grow ths 
on the mountains ("Vegetable sheep"). Helichrysum (Ever¬ 
lastings), 350 species, especially South African. Odontospermum 
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pygmaeum (Rose of Jericho) is a small shrubby plant m « Inch 
the involucral bracts close over the fruiting head in the dry 

and rapidly open in the damp, to allow the fruits to escape 

under circumstances favourable for germination. Epattes (hg. 
274), a small genus in the warmer parts of both hemispheres, 
several series of female flowers occur on the outside of the head, 
the disc contains bisexual but usually sterile florets. 

Tribe 5. Helianiheae. Heads heterogamous, with female or 
neuter ray-florets and fertile or sterile bisexual disc-florets 
more rarely homogamous. Involucral bracts often imbricated 
in several rows and more or less herbaceous 

edges; florets subtended by scale-bracts .corolla of dtsc-flore ts 
regular with five or rarely four short obes, general! j jellou. 
of female and neuter florets ligulate and trimerm^ofthesamc 
colour as the disc-florets; anthers blunt or rounded at 
or acute, without tails, basifixed; a crown of collect, ig h ‘ 
present on the style-arms, and is sometimes co. mu^ 
wards, as in Hdianthus ; pappus various but not hairy, gen J 
of two or three rigid awns or scales corresponding it th 
principal ribs of the fruit. Usually rather coarse herbs or 
shrubs rarelv trees with usually opposite leaves. A larg 
S ml^it though some of America,, genera 

are represented in the Old World, such 09 i e . (two 

widely distributed in temperate and tropical co • ( 

British,. Some American species have bcco.imw.dcl^natum^ 

ised, such as (lalinsoga parvi flora, a sm ‘ widely in 

small yellow heads, native of Peru which lias sp^ad^ .dely in 

the warmer and temperate parts of the wor Middlesex 

cultivated fields and by road-sides in 

and Xanthium spinosum, probably of bou ‘ genera °are 

but now widely distributed. A small 

restricted to limited areas in the Old Wort . ul0 monhilous 
tribes. The Ambrosiinac, as already noted are anemo^lo^ 

forms with small few-flowered heads ant 

are mainly American but Ambrosia ant - " . an(1 

in the Old World. Zinnia, 15 si^eies. North A m r 
Mexico; Z. elegans is a garden plant. Heluin , j{ ' 

American; H. annuus (Sunflower) is a na i t Coreousis 

Inberosus (Jerusalem Artichoke) of Nort ,,ur, ‘ j Mexico 
100 species, mainly American. Dahlia, nine species, Mtxito. 

Rudbeckia (fig. 275), 30 species in North America. 

Tribe 6. Helenieae. Resembles the last tribe, but "V^North 
not present on the receptacle. Mainly Mexican 
American. Heleniurn, Gaillardia, Tagetes are met u it h m gartlt. . 
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Tribe 7. Antkemideae. Resembles Heliantheae, but the in- 
volucral bracts have a scarious margin. Pappus absent or 
reduced to a ring or cup. Generally herbs, sometimes shrubs, 
with generally alternate often pinnately divided leaves. In¬ 
cludes two large subtribes; Anthemidinae, with floral bracts on 
the receptacle, and Chrysantheminae without floral bracts. The 
former are mainly Old World: Anthemis, 130 species, Europe 
and Mediterranean, has three British, including A. nobilis 
(Chamomile); Achillea, 130 species, north temperate, has two 
British— A. Millefolium (Yarrow) is widely distributed in north 
temperate regions. To the second subtribe belong Matricaria , 
50 species, mostly in Europe (two British), Africa and Western 
Asia; M. suaveolens, a North American species, has recently 
spread throughout Britain ; Chrysanthemum, 200 species, mainly 
north temperate Old World, several widely naturalised; British 
are C. segetum (Com Marigold), C. Leucanthemum (Ox-eye 
Daisy), C. Parthenivm (Fever-few); C. indicum and sinense, 
natives of China and Japan, are the source of the cultivated 
Chrysanthemums; Artemisia, 200 species, north temperate zone, 
four British; Tanacelum (Tansy) (British). 

Tribe 8. Senccioneae. Flowers homogamous or more frequently 
heterogamous. Involucre generally of a series of similar bracts, 
sometimes more or less united below into a cup, with frequently 
an additional outer series of shorter scales; receptacle generally 
without floral bracts; style and anthers as in Heliamheae, but 
pappus hairy. Herbs, shrubs or sometimes trees, with generally 
alternate leaves. Widely distributed. Tussilago (north tem¬ 
perate Old World, introduced in North America) (Coltsfoot). 
Petasites (14 species, north temperate); P. hybridus is British. 
Arnica. Doronicum, 25 species, north temperate Old World. 
Cineraria, 25 species, mainly South African. Senecio, about 
2500 species, world-wide; S. cruenta, a native of the Canary 
Islands, is the source of the greenhouse Cinerarias. 

Tribe 1). Calenduleae. Heads heterogamous, with female, 
generally ligulate, ray-florets and sterile regular yellow or 
orange disc-florets; floral bracts absent: anthers pointed at the 
base (flg. 279, A'); pappus absent. Herbs or shrubs with 
generally alternate leaves. A small tribe, mainly South African. 
Calendula, 20 species, Mediterranean; C. officinalis is the 
African Marigold of gardens. 

Tribe 10. Arctotidrae. Heads heterogamous, with ligulate, female 
or sterile ray-florets; anthers blunt-pointed at the base: pappus 
absent or if present not hairy. A small tribe, mainly South 
African, also mountains of tropical Africa. Arclotis. Gazania. 
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Tribe 11. Cynareae. Thistle group. Heads homogamous, or 
with neuter, rarely female, not ligulate ray-florets. ln\o ucrc 
of many series, increasing in length inwards, often thorn} , 
receptacle covered with numerous bristles; anthers genera \ 
tailed; style thickened beneath the arms and bearing the 
collecting hairs there (fig. 272, C), or with a dense crown of 
collecting hairs beneath the arms; pappus genera \ a j r ^ ■ 
Generally herbs with alternate prickly or spiny leaves, the 
chief centre is the Mediterranean region. Echinops (hg. 

(70 species, Europe, Asia, north tropical Africa) has one- 
flowered heads grouped in secondary heads. C arhna , -0 
Canary Islands and Europe to Central Asia; C. vulgaris (British, 
Carline-thistle). Arc/tarn, six species (British), Europe, tempera 
Asia (Burdock). Carduus, 100 species, Europe (British), Asia, 
West Africa, the trueThistles. Cirsium, north tenipersito (Krit ). 

OnoporcUm, Europe (British). N. Africa. West Asia, (Cotten- 

thistle). Cynara , 11 species, Mediterranean; 6 ; r,.*' 

choke). Silybum (Milk-thistle), West Europe (British). Mod iter- 

ranean. Serratula tinctoria (Saw-wort) (British) \ k* < s a - . 
dye. Centaurea, 500 species, mostly north temperate espec. } 
Mediterranean; five British; C. nigra (Knapweed), C yanus 
(Blue-bottle or Cornflower), C. Calcitrapa (Star-thistle) 
thamus tinctoria (Safflower), Mediterranean, the flowers \i 
red dye. 

Tribe 12. Muiiaieae . Heads homogamous or heterogamou^ 

Ray-florets bilabiate or absent, rarely bgu » Mainlv 
regular with a deeply divided limb or bilabiate.Mainly 

developed in the South American And me ugmu * . ’ , 

species P South American, generally shrubby climbers h Mj 
tendrils. Qerbera, 40 species, perennial herbs, warmer parts of 

Africa and Asia, one in Tasmania. 

Tribe 13. Cichorieae. Ligulifloral. Heads homogamous, corolla 
ligulate, truncate and five-toothed; ant lers s*agi 
base; style-branches slender, papillose. Achenes usualnarrow 
or flit, and sometimes produced into a slender beak earing 
the pappus, which has usually one or mori ro ''* s * 
plumose bristles. Herbs, rarely shrubs; treeso " J. j g ea 

genera, Derulroseris (Juan Fernandez) and ^ M «ca 
Islands) ; with generally yellow flowers. Widely <hbt ^ ’ . 

especially Old World, and less numerous in the southern hc.n^ 

sphere. Many genera in the Mediterranean re ^’- ei ht 

localised in Western America and Mexico. 

species, north temperate Old World, »>pecia y , Medi- 
C. Inly bus (Chicory) is British, C. Endivta (Endive), Med, 


K. II. 



610 


FLOWERING PLANTS 


terranean. Lapsana, nine species, north temperate; L. com¬ 
munis (Nipplewort), British. Crepis , 200 species, mainly north 
temperate Old World (British). Hieracium (Hawkweeds), 400, 
mainly north temperate and andine, a remarkably polymorphic 
genus (British). Hypochaeris (Cat’s-ear), 50 species, temperate 
(British). Leontodon (Hawk-bit), 50 species, Europe (British), 
Central Asia, Mediterranean. Taraxacum (Dandelion), 25 species, 
mainly temperate and cold zone of Europe (British) and Asia. 
Lactuca, 100 species, mainly Old World (British); L. saliva 
(Lettuce). Sonchus (Sowthistle), widely distributed in the Old 
World (British), one in New Zealand. Tragopogon (Goat’s- 
beard), 40 species, Europe (British) to Central Asia, Medi¬ 
terranean; T . porrifolius (Salsify) has edible roots. Scorzonera, 
100 species, from Central Europe and the Mediterranean to 
Central Asia; the roots of S. hispanica are eaten like Salsify. 

As regards the relative antiquity of the tribes of Compositae, 
Bentham considered that the Heliantkeae contained the more 
primitive characters 1 , such as the more leaf-like outer bracts of 
the involucre, the bracts subtending the flowers more normally 
developed and more firmly attached, the calyx-limb less trans¬ 
formed. consisting frequently of persistent teeth or awns directly 
continuous with the ribs of the ovary, and the anthers in some 
genera less firmly united. On the other hand, the Cichorieae 
suggest the most recent development in that the uniformity of 
structure of flower and fruit is greater than in any other tribe, 
the pappus is of a type shewing the least resemblance to a calyx- 
limb and the receptacular scales when present are among the 
least like ordinary bracts. In his classical essay on the Compositae 
Bentham suggests the course of development of the various tribes 
from a primitive form having regular gamopetalous flowers with 
an inferior ovary, isomerous and probably pentamerous calyx, 
corolla and stamens, a bicarpellary pistil but with the ovary 
reduced to a single cell with one erect ovule, the seed without 
endosperm and enclosed in an indehiseent pericarp. Such a 
flower-form resembles that of present-day Rubiaceae, but with a 
reduction in the gynoeeium, and might well be an offshoot of the 
same group or plexus to which Rubiaceae and allied families owe 
their origin. By gradual consolidation the bracts have crowded 
round the condensed flowers and usurped the functions of the 
calyx-limb which has become reduced or transformed for the new 
duty of fruit-dispersal; the corollas have become contracted or 
the outer ones variously developed in form and colour to assist in 
the process of cross-pollination, and the anthers have become 

1 Hutchinson has recently expressed the same opinion. 
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united, as in the Lobelioideae section of Campanulaceae and the 
styles modified to assist in the discharge of the pollen. The reduc¬ 
tion of the bisexual to the unisexual flower may have preceded 
or followed some or all of these changes. To account for the 
present day distribution of the various tribes, Bentham suggests 
that several of these changes had taken place at a very ear y 
period, previously to the disruption or stoppage of communication 
between what are now the tropical regions of the g^e, and that 
several important modifications existed, such as (1) the re 
and uniform tubular development of the corolla, accompany 
more or less suppression of the inner bracts and of the normal 
calyx-limb and substitution of a pappus; (2) the reduction of th 
corolla-limb, attended frequently by a sexual 
oblique development of the outer female corollas; and (3), per P 
at a later period, the uniform unilateral development of the whole 

of the corollas, accompanied usually by a ® u ?P”^e uanpus 
inner bracts and conversion of the calyx-limb into.the 

From the first of these forms would have sprung the E 
in America, the Vernonieae (probably m the New « 
early spreading into the Old World), the Cynareae in the northern 
ndtheSL in the southern hemisphere; from he second 
form would have arisen, first, the Helianthecu e cjngina mg pwb- 
ably in the New World and spreading into theOldseconcU> , * 
Hdenieae in America, and the Anthemxdeae Uorld^ 

and thirdly the Aslereae, the Senecxoneae and the Inulcae. from 

the third form have developed the CtcJiorteae 

More recently Small has suggested that Seneexo ^» the* hrst 
genus of the Compositae to come into existence “d that from i 

are derived directly or 

He maintains that this theory is supported by the details of 

floral morphology, physiology and cytology as^ wellha by^ 

geographical distribution of the genus. u 1 , j p 

represents a stage of specialisation aiready W ella<H auced^ and . ^ 

seems probable that many less specialis • , 

which the present day Compositae have ansen. 
indication of the nature of these forms seems to offer a more 

philosophical explanation. . . . .. opo -.warded from 

Remains of the Compositae, mainly fruits. a oli< , ocene . 

Tertiary deposits extending as far back as th f 

They indicate the presence of Compositae resembling those 

genera existing at the present day. 
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appendix 

p. 83. POLYGONACEAE. R. A. Laubcngayer (“Studies in the 
anatomy and morphology of the polygonaceous flower, 

Journal of Botany, XX, v, 329; 1937) rev.ews previous work and 
concludes from his studies of the anatomy of the flower that the 

trimerous whorled condition is fundamental an 

or 4-merous condition as seen in Polygonum and other ge,w™. 

not a spiral development but due to suppress,on " 

or fusion of parts. Also that the flower is more or less perigynous, 

not hypogynous. 

p. 94. In Pflanzenfarnilien, Ed. 2 (Harms), xvi, c, 291 
Pax and Hoffmann suggest a somewhat different a ^^ ai ^ ceao 

main difference being that we must regar< Phvtolaccaeeae, 

with the closely associated Amarantaceae, no *- • ‘ (liairraIM 

as representing the origin of the group. u 
expresses this view: 


( Base 11a ceae 

CaryophyUaceae | p ortu i aC aceae 


Bhytolaecaceao 


( Aizoaceae 
\Nyetaisinaeeae 


Chenopodiaceae, Amarantaivae 

The student must not lx* bewildered bv \aruition m . 

phytogeny which, though of interest, are largely 

opinion. 

p. 95. CHENOPODIACEAE. The Sly"in 

species given are from Ulbrich s monograj |, as MO sin cies. 

Edition 2 of the Pflanzenfamilun. m} \^ Kolliia so 

A triplex 120, and ObUme, Suae,la and Saho e ach 

and Corispermum SO. The great majority ol tl g 

a few species only; 42 are inonotvpie. 

p. 108. NYCTAGINACEAE. ,,,.’^,,“1!,''wl,'io 

character of the flower, often due to a con stH . n t, and 

or coloured bracts and the perianth, the 

presence of nectar, suggest inseet-pollina ^ ^ an . lvrt nonsib!e. 

the flowers open in the evening night-flying • ' , , ;l 

The flowers are protogynous but after anthe,-«l« l.w« 
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rolling up of the style and stamens the stigma is brought in contact 
with the anthers rendering possible self-pollination. 

Humming-birds may be agents of pollination, as in some species 
of Bougainvillea. Cleistogamous flowers occur in some species. 

p. 114. AIZOACEAE. The arrangement of the genera followed 
in the text is that of Pax in the PJlanzenfamilien , Edition 1. In 
their revision of the family in Edition 2 Pax and Hoffmann 
recognise six tribes: (1) Gisekieae , including one genus Gisehia with 
an apocarpous pistil, formerly included in Phytolaccaceae. The 
remaining tribes have a syncarpous pistil. (2) Orygieae, formerly 
included in Molluginoideae. (3) Limeae, including a few genera 
removed from Phytolaccaceae. (4) Mesembryanthemeae, in¬ 
cluding the Aizoeae. (5) Mollugineae , with two subtribes Mollu- 
ginineae and Sesuviinae. (6) Telragonieae, including Tetragonia. 
The subdivision is based on the apical or basal position of the 
ovule, presence or absence of an aril, and the length of the funicle. 

The huge genus Mescmbryanihemum has in recent years been 
intensively studied by several workers whose results are not 
altogether in agreement. They agree, however, in the division of 
the genus into a large number of smaller genera. For an account 
of their work see Pax and Hoffmann in the Pflanzenfamilien. 

p. 116. family BASELLACEAE. A small family, with 5 genera 
and about 20 species, mainly tropical American and West Indian, 
of glabrous perennial twining herbs with alternate simple often 
fleshy leaves, flowers small, regular, bisexual, in many-flowered 
spikes or panicles, with a pair of bracts forming an involucre below 
the perianth. Perianth white or reddish of 5 members more or less 
united at the base. Stamens 5, opposite the perianth leaves and 
united to them at the base. Ovary free, unilocular, with one basal 
erect campylotropous ovule and a generally 3-armed style. Fruit 
fleshy, indehiscent, surrounded by the persistent perianth. Seed 
with an annular or spirally rolled embryo and generally sparse 
endosperm. 

Bu.se!ta alba, probably a native of tropical Asia, is widely 
cultivated in warm countries as a vegetable. 


>’/ lr *- MKN1SPKHMACKAE. a. C. Joshi (in .lourn. of Rot. 
LX.W , -if*. 1 .MO finds in ('occulus vHiatus a fourth carpel frequently 
present, rarely fertile and generally a reduced structure and bearing 
no ovules. The carpels are borne spirally on the floral axis. In early 
stages the carpels are 2-ovuled, one arising at a slightly lower level 
than the other and proceeding as far as the development of the 
rnegaspore-mother-coll, but then beeoming crushed by the growth 
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of its companion ovule, and seen in the open flower merely as a 
scale beneath the functional ovule. Joshi cites this as evidence for 
reduction in the number of carpels and ovules in the Menisperma- 
eeae. 

p. 319. Family CEPHALOTACEAE. A monotypic family 
comprising one species, Cephalotus follicuhiris, in South-west 
Australia, growing in damp humus-sand. It is a small herb 
perennial by a rhizome which bears a rosette of entire foliage- 
leaves beneath which is a rosette of modified pitcher-leaves adapted 
for the capture of insects. The stem ends in an inflorescence tearing 
short few-flowered crowded lateral cymes of small white flowers. 
The flowers are 6-merous; a simple persistent perianth of 6 sepals 
followed by two alternating perigynous whorls of 6 stamens each 
and a whorl of 6 free carpels, each containing one erect anatropous 
ovule with two integuments. When ripe the carpel separates with 
its seed which contains a straight embryo lying in a copious 
endosperm. 

The genus is distinguished from the Crassulaceae by absence ot 
petals and its pitcher-leaves. 
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Abelc, 10 

Abronia, 108 

A brws, 369; seed, 364 

Abutilan, 248, 249, 260, 251, 253 

Acacia, 366; cotyledons, 349; leaf, 351; 

gum, 353; flower, 354, 356 
Acaena, 344 
Acalypheae, 265 
Acanthaccae, 544 
Aconthoideae, 546, 547 
Acaniholimon , 443, 445, 446 
Acanthosicyos , 220 
Acanthus , 544, 545 
Acer, 297, 298, 299, 300 
Aceraceae, 297 

Achillea , 008; habit, 588; pollination, 
599 

Achirnenes , 635, 536 

Achlys , 150 

Achras , 449, 450 

Achyranihes , 104 

Acioa , 347 

Aciphylla, 412, 417 

Accmtfum, 138, 143, 144; Hower, 140 

4ctae/f, 139, 142; Hower, 143; fruit, 144 

Adansonia, 254 

Adenia, 212 

Arfenium, 409 

Adenostrmma, 605 

Adonis, 145, 140 

Adoxa, 500, 667 

Adoxaccae, 500 

Aegiceras, 437 

Aegiphila , 504 

/I crva, 105 

Aeschynanlhus , 533, 630 
Aeschynomene , 360, 365 
Aesculus, 302; Hower, 298 
AeXhusa , 412, 419 
208 

Agdestis, 109 
4fferalum, 005 
Agriinonia , 338, 344 
Ailanlhus , 290 
Aizoaceae, 111, 94 
4tzoe<ze, 115 
Aizoon, 115 

4ju0a, 500, 610, 613; fruit, 512 

Ajugoidoao, 512, 513 

Akeltia, 153 

Alangiaceae, 422 

Alangium , 422 

Alberta , 654 

Alberleae , 500 


AlchemiUa , 336; Hower, 338, 339, 344 
Alchomea , polyembryony, 263 
Alder, see 4/nu* 

Aldrovanda , 193, 194, 196, 197, 198 

Aleurites , 264 

Alexarulra , 98 

Aik a net, 6ce Alkanna 

Alkanna , 494, 496 

^lUamanda, 470, 472 

All heal, see Valeriana , 571 

Alligator Pear, 138 

Almond, see Amygdalus 

A Inaster, 25 

4//iu*. 28, 29. 24-26; pollination, 26 
Alphitonia , 310 
.4 Iseuosmia, 566 
Alsine, see Minuartia 
Alsineae, 121 

Alsinoideae, 119, 123; pollination, 122 

Alsodeia , see Rinorea 

Alstonia , 469 

4///inea, 248. 261, 253 

Aliingia , 332 

Alyssineae, 180 

Alyssum , 186 

Amarantaceae, 102, 94 

Amaranltae , 105 

4rmirawfii*, 105 

Atnblyant/ius , 437 

Ambrosia , 594, 007 

4 m5rcwri*wae, 594, 607; pollination, 

697, 601 

Amljulia , 524, 525 

Af?i/nr*fta, Hower, 356 

4mAcr«/ieae, 366 

/Immania, 375 

A m 419 

Amurpha , Hower, 358, 359 

Ampelopsis, 312; see 1’arthenocissus 

Amygdalus , 346 

AnacnrdUceoe, 292 


larardiurn, 293, 294 

■uujnllis, 439. 442, 443; Hower, 440 

nagyris , 367 ^ 
naitaliai, 185 

latto, 202 
nchiela, 208 

turhusa, 498: flower. 496. 4J- 


A rut rosace , 442 
4ncm*0}Nri* v 92 
4 nemone, 138, 144, 1*15, 


148; car|>el. 


139 

4 nemoneae , 


139, 144. 148 
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A nemops is, 142 

Angelica , habit, 411, 413, 419; fruit, 
418 

Angianthinae , inflorescence, 591 
Annona t 130 
Annonaceae, 130 
Anthemideae, 608; fruit, 602 
Anthemidinac. 608 
Anthemis, 605, 608 
Anihoapermeae, 558, 559, 561 
Anthospermum , 557 
Anthostema, flower, 259 
Anthriacus, 417, 419 
Anthyllia; 368; pollination, 362 
Antiaria, 55 
Antirrhineae, 528 
Antirrhinoideac, 528 
Antirrhinum, 528; babit, 523; flower, 
524, 526; fruit, 527 
Apeiba, 247 
Apioideae, 419 
Apium, 419 
Apocynaceae, 460, 468 
Apocynum, 472 
Apodantheae, 78 
Apodanthea, 77, 78 
Apple, Bee Pyrua 
Aquifoliaceae, 306 
Aquilaria, 370, 371 
Aquilegia, flower, 141, 142 
Arabideae, 186 
Arabia, 180, 186 
Arachia, 362, 369 
Aralia, see FcUsia 
Araliaceae, 408 
Arbutoideae, 430 
Arbutus, 429, 431 
Arceuthobium, 71 
Arctium, 593, 609 
Arctopus, 417 

Arctostaphylos, 431; flower, 429 
Arclotideae, 608; pollination, 600 
Arctotia, 598, 608 
Ardisia, 438 
Arenaria, 120, 123 
Argemone, 167, 169 
Argyreia, flower, 480 
Argyroxiphium, 592 
Aristolochia, 75, 76 
Aristolochiaceae, 75 
Ariatolochiales, 74 
A rmcria, 443, 444, 445 
Arnica, 605, 608 
Arnoseris, 602 

Arrowroot, see Manihot, 264 
Artemisia, 602, 605, 608; babit, 588; 
pollination, 601 

Artichoke, see Helianthus, 588, Ctrnara 
591 

Artocarjms, 51, 52, 55 


Asa-foetida, 419 
Asarabacca, see Asarum 
Asarum, 75; flower, 76 
Asclepiadaceae, 460, 474 
Asclepiadeae, 478 
Asclepias, 475, 477, 478 
Ash, see Fraxinus 
Asimina, 130 

Aaperula, 561; pollination, 557 
A sp'dosperma, 472 
Astemma, 588 
Aster, 605, 600 
Astereae, 606 

Astilbe, 320, 324; flower, 322, 323 
Astragalus, 351, 365, 368; gum, 353; 
pod, 362 

Aatrantia, 412, 414, 416, 419 

A ay stasia, 546 

Athriocinae, 589 

Alraphaxis, 87 

A triplex, 95-98, 102 

Attopa, 515, 519, 522; brandling, 516; 

flower, 518 
Atropin, 519 

Aubergine, see Solatium, 522 
Aucuba, 420, 421 
Aurantieae, 284, 285 
Aurantioideae, 289 
Australian Cherry, see Exocarpus 
Avcrrhoa, 275 

Avicsnnia, 501, 504 (embryology) 
Avocado Pear, 138 
Awl-wort, see Subularia 
Azalea, 430 
Azorclla, 413, 419 

Baccharis, 588, 594, 606 
Balanophora, 72, 73 
Balanophoraceae, 71 
Ballota, 506, 513; infloreaoence, 607 
Balsam, see Impaliens 
Balsaminaceae, 276 
Banknia, flower, 59; fruit, 60 
Banyan, 54 

Baobab, see Adansonia 
Barbarea, 186 
Barberry, see Berberis, 151 
Barleria, 544, 548 
Barnardesia, 596 
Barteria, 211 
Bartonia, 464 
Bartsia, 529, 532 

Bast (of gardeners), see Lime, 247 
Bastard Toad-flax, see Thesium 
Batrachium, 146 
Bauera, 326 
Baueroideae, 326 

Bauhinia, 350; secondary thickening, 
353 

Bauhinieae, 366 
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Bay Laurel, 137 

Bdallophyton, 73 

Bean, see Vicia; Phascolus, 309 

Beech, see Fagus 

Beet, 102 

Begonia, 228-232; flower, 230 

Begoniaceae, 228 

Begoniella, 228-230 

Beilis, 000; habit, .788; pollination, 001 

Bembiria, 210 
Benthamin, 421 
Berberidaeeae, 140 
Bcrberidoideae, 151 
Berberis, 151; pollination, l.»- 
Bergainotte, see Citrus, 280 
Bernsuxia, 435 
Berthollctiu, 381 


Bertolonia, 380 
Beslsria, 530 

Beta, 07-101; flower and fruit, 99 
BetuUi, 28. 29. 24. 25; pollination. 20 
Bctulaceae, 23; floral arrangement, 25 
Betuloideae, 28 
Bidsns, 595, 007; fruit, 603 
BiebersUinia, 273 
Bignoniaeeae, 538 
Bilberry, see Vaccinium 

Billiu, 301, 302 „ 

Bindweed, see Calyslegta; Small, sec 

Convolvulus, 481 
Biophylum, 275 
Biovularia, 542 
Birch, see Betula 
Bird-cherry, see Laurocsrasus 
Bird’s-foot Trefoil, see Lotus 
Bischofia, 203 
Bistort. 85 . 

Bitter-cress, Bee Cardamint 
Bitter-sweet, see Solatium, 521 
Bixa, 202 
Bixaceao. 202 
Blackberry, sec Rubus 
Black Bindweed, 81 
Blackstonia, 405, 408 
Blackthorn, see Prunus 
Bladder Senna, see Colutsa 
Bladderwort, see Utrxcularxa 
Blastia, 432 
Blspharis, 544 

Blue bottle, see Centaursa, 009 

Bocconia. 108, 169 

Boehtnsria, 47, 49 

Boer baa via, 100 

Bog-bean, see Msnyanthes 

Bog-myrtle, see Alyrxca 

Bombacaceae, 254 

Bonn!tax, 254 

Bonplandia, 491 

Borage, bee Borago 

Boraginaceae, 494 


Boraginineae, 492 

Boraginoideae, 499 

Borago, 498; flower, 490, 497 

Borneo Camphor, see Dryobalanops 

Boronia, 289 

Boronisas, 284, 289 

Boswelliu, 290 

Bottle-brush, see Calhstemon 
Bougainvillea. 105, 108; inflorescence, 

106 

Bougueria, .748 
Bouvardia, 553. 500 
Box, see Burns 
Bramble, see Rubus 
Brass nia, 158 

Btassica. 180; embryo, 185 
Brastticcae, 180 
Brazil-nut, see BertholhUu 
Bread-fruit, 55 
Bridelta, 259 
Bridclieae, 204 
Brillantasia, 540 
Broad Bean, see Vicia, 309 
Brook-weed, see Sainolus, 44.3 
Broom, see Cytisus 
Broom rape, see Orobanchs 
Bronx in u in, 55 
Broussonetia, 55 
Brucine, 402 


Bruguiera, 378 

Brun/elsia, 522. 523 

Bryonia, 220; stamens. 22] ; flower. 224 

Bryony, see Bryonia 

Bryophyllum, 310, 318. 319; flower, 31 / 

B uc ha no nia, 293 

Bucklandia, 332 

Buckthorn, see Rhamnus 


buckwheat, 85 
'Juddlsia, 401. 402, 403 

■ ,, * • i ” " % 


Bullace, see Prunus 
Bumslia, 450 
Bunias, 180; embryo, !8o 
Bunium, 418 

BupUurum, 411, 419; habit, 413 
Burdock, 593. and see Arctium 
Burseraceae, 290 
Butter-bur, set' Petasiles 
Buttercup, see Ranunculus 
Butterwort, see Pinguicula 
Butyrospsrmum. 450 
Buxaceae, 205 
Burns, 205, 266 


Cabbuge, see Btassica 
Cabottioa, 150, 157 

Cabomboideac. 160 
Cactaceac, 390 
Caesalpinioideae, 30b 
Cajopnora, 217 
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Cattle, 182, 183, 186 
Cakileae, 186 

Calabash, see Crescenlia, Lagenaria 
Calaminlha , 513 
Calceolaria , flower, 526, 527 
Calceolarieae, 528 
Calcitrajxi , 593 

Calendula , 596, 604, 608; pollination, 
601 

Calenduleae, 591, 608 
CaJliarUhanum, carpel, 139 
Calligonum, 87 
CaUistemon , 384 
Callitrichaccoe, 267 
Callilriche , 266, 267 
Callvna , 432; mycorrhiza, 428 
Calonyction, 480. 

Calophyllum, 241, 243 
Call ha, 139, 142 
Calyeanthaceae, 132 
Calycanthus , 132, 133 
Calycothrix , 384 

Calystegia , 480, 485, 487; habit, 482; 

flower, 483 
Camarea . 281 
Camelina, 186 
Camelinene, 186 
Camellia, see TAea 
Canter aria , 471 

Campanula, 575, 579, 581. 582, 584; 

pollination, 580; fruit, 583 
Campanulaceae, 577 
Campanulales, 575 
Campanuloideae, 580, 584 
Camjxinumaea, 579 
Camphor, 137 
Campion, see Lychni* 

Campiis, 541 
Catnptothcca , 422 
Cumpylospermae, 417 
Cunarina , 578, 579, 580, 584 
Candytuft, see Iberis 
Cannahinaceae, 56 
Cannabis, 56: flower, 57 
Canterbury Bell, see Campanula . 584 
Cantua, 491 
Caoutchouc, 264, 472 
Cape Gooseberry, see Physalis 
Caj>er, see Capparis 
('a pc rani a , 263 
Capparidaceae, 172 
Capparis, 174; flower, 172 
Caprifoliaceae, 662 
Caj/rifolium, 565 
Capstllu, 179, 183. 186 
Capsicum. 518, 520, 522 
Caraway, see CTiram 
Caidumine, 179, 186; cleistogamic 

flowers, 181 

Carduuii, 609; pollination, 601 


Canca, 214, 215 

Caricaceae, 215 

Carlina , 598, 609 

Carnation, 123 

Carob-tree, see Cera Ionia 

Carolina Allspice, see Calycanthus 

Carpinus , 24-27; pollination, 26 

Carrot, see Daucus; inflorescence, 414 

Carthamus , 605, 609 

Carum, 419 

Cartja, 17-21; flower, 18 
Caryophvllaceae, 116, 94 
Casearia, 210 

Cashew-nut, see Anacardium 
Cassava, see Manihot 
Cassia , 356, 357, 362 
Cassieae, 366 
Cassytha, 136, 137 

Caslanea, 30-34; flowers and fruit, 35 
Cotfanopm, 33, 34 
Castor-oil plant, see Ricinus 
Ca&uarina, 36-39, 37; fertilisation, 38, 
37; phylogeny, 39-41 
Casuarinaceae, 36 
Casuarinales, 36 
Catalpa , 540, 541 
Catchfly, see Silent 
Catha, 306 
Catophenoideae, 514 
CatVear, see Hypochaeris 
Caucalis , 418 
Ceanothus , 311 
Cecropia , 55 
Cedar-wood, see Cedrela 
Ctdtela, 291 
Ceiba, 254 
Celflstraceae, 305 
Celast rales, 304 
Cclaslrus , 306 
Celery, see Jpiurn 
Celosta, 103-105 
Celosicae , 105 
Celsia, 528 
Celtideue, 45 
Celtis, 43-46, 44 

Cen/aurea, 593; stamens, 597; pollina¬ 
tion, 598, 599, 600, 609 
Cevtradcnia, 386 

Centumthus, 568, 572; flower, 589, 570, 
571 

Centropogon, 578 

Centrosjx rmae, 93, 80 

Cenlunculus, 440. 443 

Cerastium , 123; flower, 118, 120, 122 

Cerasus, 347 

Ceratonia, flower, 357; dissemination, 
364 

Ceratophyllaceae, 162 
Ceratopkyllum , 162 
Cerbcra, 472 
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Cercis, 364; flower, 355, 356, 357 
Cereoideae, 407 

CereuSy 398, 400 , 406-408; fruit, 404 

Ceriopjty 378 

Ceropegiciy 475, 478 

Cesirtaty 522 

Cestrintiy 518. 523 

ChaerophyUuniy 417, 419 

Chamaelaucieaey 384 

Chamaelaucium 9 384 

Chamomile, see Anlhemis 

CheiranthuSy 186; embryo, 185 

Chelidoniuniy 168 

Cheloneae, 528 

Chenopodiaceae, 95, 94 

Chenopodiuniy 95-98, 102 

Cherry, eeo Prunus, 347 

Cherry laurel, see Lainocetasus 

Chervil, see Chaerophyllum 

Chestnut, see Castanea 

Chick-pea. see Cicer 

Chicory, see Cichorium 

Chillies, see Capsicum 

Chimaphilay 432 

Chimonanthu8y 132 

Chiococceae , 560 

Chlora % see Blackstonia 

Chloranthaceae, 92 

Chlorophora, 52 

Choisya, 289 

Chorizema, 365; flower, 358, 359 
Christisonia, 631 
ChrysantheminaCy 608 
Chrysanthemum, 005. G08; pollination, 

599. 001 

Chrysobalanoideae, 338, 347 
Chrysobalanus , 346 
Chrysophullum , 450 

ChrysospUnium, 320. 324; flower, 323 
Cicely, see Myrrhis 
Cicendia, 465, 468 
Cicer, 369 

Cichoricacy 589, 605, 609 
Cichorium % 588, 594, 00«>, 609 
CicuUiy 419 
Cimicijuya 9 139, 142 
Cinchona , 556 , 560 
Cinchoneae, 558, 560 
Cinchonoidcao, 559 
Cineraria 9 608 
Cinnamomumy 134, 13o, 1*5/ 
Cinnamon, 137 

Cireaea, 388. 391. 392; flower. 389. 390 

Cirsium, 009; pollination, 598 

Cissam pelos, 164, 155 

Cissus, 311, 312. 313 

Ciutaceac, 200, 201 

Cist us. 200 

Citron, see Citrus 

CitruUus. 218; stamens, 221, 2-0 


Citrus, 284. 287-289; pleiomery. 285 

Clarkia, 387, 388, 389; flower, 390 

Clarija, 436 

Claytonia, 115 

Cleavers, see Galium 

Clematis. 138, 139. 144, 14o, 148 

Cleornc, flower, 172, 173 

Clerodendron, 501, 504, o0o 

CUthra, 427 

Clethraceae. 427 

Clitandra, 469 

Cloudberry, see Rubus 

Cloves, see Eugenia, 38o 

Clusia, 240, 243 

Cluylieae, 205 

Cobaea, 490, 491 

Coceoloba, 87 

Cochlear in, 184, 186 

Cockscomb, see Celosta 

Cocoa-tree, see Theobroma 

Codiaeum, 2t>4 

Codon, 493 

Codonopsis, 578 

Cotlebogijne, see Alrhornea 

Coelospermae, 417 

Coffea, 555. 559. 560; stipules, oo4 
Coffee, see Coffea 
Coffeoideae, 560 

ColOy 255 • -in 

Coitusy 509, 514; pollination, olO 

Collttit/lty 311 
CoUinAia, 528 
Collomiay 491 
Coltsfoot, see Tussxlago 
Columnttiy 536 
Coluinniferne, 244 
Colutea, 368; pod, 36_, 3<*4 

Cornandray 66 

Combretaceac. 380 

ComlrTtliifn, 380 

Comfrcy, see Symphytum 

Commiphora, 290 r % oft.«hv. 

Compositae.586; pollination,.>38. | h> 

lo^cny, 610 
Comptonia , 14, 15 
Condamintaty 559 
Condylocarpus, 470, 471 
Conium. 419; fruit. 417. 418 
Connaracoae, 348 
Com>/fodiurn, 418 
Contortae, 459 
Convolvulucoue. 478 

Convolvulales, 478 habit 

Convolvulus, 485; flower. 480, habit, 

481; pollen, 484 

Conyza, 606 

Cojtaifcra, 365; flower. 357 
Coprosma, 567, 559, 661 
Coptis. 142; flower, 143 
Coral-root, sco Denlana 
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Corchorus, 248, 247 
Cordia, 497. 499 
Cordioideae, 499 
Coreopsis, 005, 007 
Coriander, see Coriandrum 
Coriandreae, 419 
Coriandrum, 417, 419 
Corideae, 443 
Cor is, 440, 443 
Corispermum, 98 
Cork Oak, 34 
Oomaceac, 420 
Com Cockle, sec Gilhago 
Cornflower, see Centaurea 
Cornu8, 420, 421, 422 
Corokea, 421 

Coronopus, 179,181, 186; embryo, 185 
Correa, 285, 288, 289 
Corrigiola, 121; flower, 119 
Corydalis, 170-172 
Coryloideae, 27 

Corylus , 24-28; inflorescence and 
flower, 27; pollination, 26 
Corymbium, 589 
Cotinus, 293 
Colon*aster, 341 
Cotton-plant, bee Gossypium 
Cotton-tree, 254 
Cotton-weed, see Diotis 
Cotylanthera, 464 

Cotyledon, 317, 319; pollination, 318 

Couroupita, 381 

Coussarexie, 561 

Cowslip, sec Primula 

Cow-tree, see Brosimum 

Crambe, 182, 184, 180; embryo, 185 

Cranberry, see Vaccinwm, 431 

Crassula' 316, 319; flower, 317 

Crassulaceae, 315 

Crataegus, 336, 341 

Crataeva, 175 

Crau-furdia, 464 

Creeping Jenny, see Lysimachia 
Cre pis, 610 

Crescentia, 539, 540, 541 

Cresccnlicae, 540, 541 

Cress, see Lepidium, 179 

Cre*s«, 481 

Crossandra, 547 

Crolalaria, 365, 367 

Croton, 260; see also Codiaeum 

Crotonene, 205 

Crotonoideae, 265 

Crow berry, 6ee Emjtetrum 

CrucianeUa, 561 

Cruciferae, 176; flower. 180; pollina¬ 
tion, 181; embryo, 185 
Cucubalus, 122; fruit, 119 
Cucumber, see Cucumis 
Cucumis, 219, 227 


Cucurbita, 219, 220, 227; germination, 
217; androecium, 221, 222 
Cucurbitaceae, 217 
Cucurbitales, 217 
Cunoniaceae, 326 
Cuphea, 374, 375, 376 
Cupule in Fagaceae, 32 
Curare, 463 

Currant, 314. and see Ribes 
Curtisia, 420, 422 
Curvembryeae, 93 
Cuscuta, 479, 485, 486, 487 
Cusparieae, 285, 289 
Custard Apple, see Annona 
Cyananthus, 579, 582 
Cyathula, 103 

Cyclamen, 441, 442; habit, 439; flower. 
440 

Cydamineae, 442 

Cyclanthera, flower, 222; fruit, 224 
Cyclolobeac (Chenopodiaceae), 101 
Cylicomorpha, 215 
Cynanchoideae, 470, 478 
Cynanchum, 478 
Cynara, 593, 609 

Cynareae, 609; habit, 589; pappus, 596 
stamens, 597 

Cynogloasum, 495; flower, 496; fruit, 
498 

Cynomoriaceae, 74 

Cynomorium, 74 

Cyphia, 578, 582 

Cvphioideae, 582 

Cyrtandra, 534, 536 

Cyrtandroideae, 533, 534, 536 

Cystolith. 43 (Celtis), 47 (Urticaceae) 

Cylineae, 78 

Cyiinvs, 77. 78 

Cytisinae, 367 

Cytisvs, 352, 305,307; pollination, 361 

Dabeocia, 430 
Dahlia, 605, 607; root, 688 
Daisy, see Beilis 
Dalbergia, 370 
Dalbergieae, 370 
Dalechampia, 263 
Damnacanthus, 554 
Dandelion, habit, 688, 589; pollina* 
tion, 599; and see Taraxacum 
Danewort, see Sambucus 
Dnpanin, 275 
Daphne, 371, 372 
Daphniphylleae, 264 
Darlingtnnia, 190 
Darwinia, 384 
Date-plum, see Diospyros 
Datiscaceae, 232 

Datura, 520, 523; branching, 516; 
ovary, 518 
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Dalureae , 521 
Dauceae, 419 

Daucus 9 418, 419; habit, 413 
Davidia 9 422 
Davilla 9 flower, 233 
Deadly Nightshade, see Atropa 
Decaixnea , 153 

Delphinium, 138, 140; carpel, 139; 

flower, 143 
Dendrophthora , 68, 71 
Dendroxeris, 609 
Derulrosicyos, 218 
Denlaria , 176 

l)e*modium 9 leaf, 351; pod, 362 

Deutzia , 325 

Dialypctalae, 124 

Dianthu #, 121, 123 

Diapensuiy 435 

Diapensiaceae, 435 

LHasria, 626 

Dicentra , 171 

Dichorulra , pistil, 480; clcistogamy, 
485 

Dichondrtae , 480 
Dicraea , 327, 329, 330 
IHcrano/ftyUae , 481 
DicranosiyUs , 481 

I>iclamniui 9 289; flower, 285, 286; 

fruit, 286, 287 
Didymoc4irpus 9 536 
Dien iUa , 562, 563. 564 
Digilaleae, 628 

Digitalin, 527, 629; inflorescence, 524; 

flower, 626 
DilUnia , 234 
Dilleniaoeae, 232 
Dionaea , 193, 198, 195, 197 
Diosmeac, 284, 285, 289 
Diospyrineae, 447 
Diosjtyroe , 451, 452 
603 

DipeUa , 563 

Diphylleia , 150, 163 

Dipladenia, 472 

Diplotaxis, 182, 186 

Dipsacaccae. 572 

IMpsaeus, 575 

Dipterocarpaceae, 243 

Dipteronia , 298, 299 

Dirachma , 270, 273 

Dischidia , 474 

Dissomeria f 210 

Dissotis 9 385 

Dislylium , 332 

Dittany, see Dictamnus 

Dock, see Rumex 

Dodder, see CtMCuJa 

Dod*caih*xm t 442 

Dog’s Mercury, see Mcrcurialis 

Dog-violet, 206 


Dogwood, see Comus ; Rhamnus 9 311 

Domatia, ant-shelters, 386 

Doronicum 9 608 

Dorstenia 9 51, 52 

Draba , 186 

DrapcUAy 371, 372 

Drimys 9 128, 129 

Dropwort, see Ulmaria 

Droxcra 9 193—8, 195 

Druse raceae, 193 

I>rojophylliim 9 193, 194, 196—8 

Dryundra 9 62 

Z>ryrt.s, 343 

Drymyto-magnolicae 9 129 
Dryobalanop *, 244 
DuranUi , 503, 504 
Durian, see Durio 
Durio , 254 
Duroia 9 553 
DyvojKfis, 264 

El>enaceae, 447, 450 
Ebenales, 446 
Ecballium, 219, 224, 226 
Eccretnocarpu« 9 540 
Echieae, 499 

EchinocartiL# 9 398, 407, 408; ovary, 
401; flower, 402; fruit, 404 
Ech\nocere\m 9 407 
Echinocyetis, 227 
Echinophara 9 417 
Echmops 9 590, 591, <>09 
Echinopsis , 398, 407; flower, 402 
EchinothamnuSy 212 
Echitoideae, 473 
Echium , 495; flower, 497, 498 
Edelweiss, see Leonloftodium 
Egg-plant, see Solanum 9 522 
Ehretioideae, 499 
EirhUria 9 274 
Elaeagnaceae, 372 
Ehu/ignue, 372, 373 
Elatinaceae, 204 
ElntiaCy 205 
Elder, see #S’a 
Elm, see Ulmu 
Elytrunthe , 70 
EmbeUa . 437, 438 
Emblingia, 174 
Embolhrieaey 61 
Empetraceae. 308 
Emj>e1rum 9 308 
Enantiostyly, 362 

Enchanter’s Nightshade, see Ci rcaea 
Endive, see Cichoriunt* 605 
Engelfuirdtia, 18-21 
Entada , 350, 363; wood, 353; pod, 
362 

Epacridaccac, 434 
Epacri *, 434 


l" 
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Epalles , 591, 595, 607 
Epigaea, 431 

Epilotnum , 387, 388, 389, 391; flower, 
390 

Epimedium , 152 

EpiphyUum , 406, 407; flower, 402, 403 

Epirrhizanlhes , 304 

Eranlhis , 138 

Ergaleium, 194 

Erica, 432; flower, 429. 

Ericaceae, 427 
Ericales, 426 
Ericoideae, 428, 431 
Erigeron , 606 
Erioccphalus , 602 
Eriodendron , see Ce»6o 
Eriolhrix , 592 
Erodium , 269-272 
Erophila , 186 

Erycibe , gvnoeciura, 483, 484; fruit, 
485 

Erycibeae , 481, 483 

Eryngium, 412,415, 419; inflorescence, 
414; calyx, 416 
Erysimum , 186 
Erythraea , 405, 468 
Erythrina , 370 
Erythrospermum , 210 
Escallonia, 320, 325; flower, 321, 322 
Escallonioideae, 320, 326 
Eschscholizia , 168; abnormal flower, 
180 

Eubuxus , 266 
Eucaesalpinieae , 366 
Eucalyptus , 381, 383. 384, 385 
Eucharidium , 390 
Euclca , 452 
Eugenia , 384, 385 
Euliiuae, 278 
Euonymus , 305, 306 
Eujxitorieae, 605; anthers, 597 
Eupatorium , 594, 606 
Euphorbia , 257, 258, 262, 263, 264 
Euphorbiaceae, 256 
Euphorbieae , 258, 265 
Euphrasia , 524, 529; pollination, 527 
ujyodosttmoneae , 329 
Eupomatia, 130 
EuryaU , 156, 161 
Evening Primrose, sec Oenothera 
Everlasting, see Helichrysum 
Evolvulus, 481 
Exaceae, 466 
Exacum , 465 
Exocarpus , 64 
Exogonium , 487 

Fagaccae, 30; pollination, 33 
Fagales, 23; phylogeny, 39-41 
F agar a, 289 


Fagraea , 461, 462 

Fagus, 30-34; flowers and fruit, 35 

Fatsia , 411 

Fedia, 569; flower, 570 
Felicia , 606 

Fennel, see Foeniculum 
Feronia, 286 

Ferula, 419; habit, 413; pollination, 
417 

Fever-few, see Chrysanthemum , 608 
Fet*Hea, 221, 223, 226 
Ficaria , 146 
FicoideAe, 111, 114 
Ficus, 51-55, 52 
Fig, see Ficus; pollination, 53 
Figwort, see Scrophularia 
Fnago, 589, 606 
Fitchia, 609 
Flacourtia, 210, 211 
Flacourtiaceao, 209 
Flax, see Linum 
Flinderaioideae, 289 
Foeniculum, 419 
Follicularts (Proteaceae), 61 
Fool’s Parsley, see 
Forget-me-not, see Myosotis 
Forsythia, 456, 458 
Foxglove, see Digitalis 
Fox-grape, see F»to, 314 
Foxtail, sec i4m/xraniiAs 
Frayaria, 343; flower, 338, 342 
Francoa, 325; flower, 321, 322 
Francooideae, 325 
Frankenia, 203, 204 
Frankeniaceae, 202 
Frankincense, see BosweUia 
Fraxineae, 458 
Froxini^, 455, 456, 457, 458 
Fudwia, 387, 388, 391, 392; flower, 
389 390 

Fumaria , 165, 170, 171 
Fumarioideao, 170 

Qaertncra, 555 
Gaillardia, 595, 603, 607 
Galhanum, 419 
Gafc, 14, 15 
Galega , 365 
Galegeae, 368 
Galcopsw, 510, 513 

Galieae , 559, 561; stipules, 554; pol¬ 
lination, 557; fruit, 558 
Galinsoga, 607 
Galium, 553, 559, 561 
Gamboge, see Garct'nia 
Garcinia, 241, 243 
Gardenia , 560; flower, 554, 556 
Gardenieae , 560; stipules, 553, 554 
Garrya, 11 
Garryaceae, 11 
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Garryales, 11 
Gaullheria , 430 
Oazania # 608 
Gean, see Prunus 9 347 
Oelonieae , 265 
Gelsemium , 462 

Genista, 365, 367; pollination, 361 
Genisteae , 367 
Genlisea , 542 

Geniiana, 464, 465, 466, 468 
Gentianaccae, 460, 463 
Gentianoideae, 468 
Geraniaceae, 268 
Geraniales, 267 
Geranicae , 273 

Geranium , 269, 270, 271, 272 
Geranium, see Pelargonium 
Gerardia , 532 
Gerardieae , 529 
Gerber a , 600. 609 
Oesneria , 536 
Gesneriaccac, 532 
Gesnerioideae, 533, 534, 536 
Geum, 343; flower, 338, 339 
Qeunsvi, 502, 503 
Gilia, 491, 492 
Ginseng, sec Panax 
Githago , 117, 118, 121 
Glauciutn , 167 
Glaux, 440, 443 
Gleditschia , 352, 365 
Globularia , 530 
Globulariaceac, 530 
Gloxinia, see Sinningia 
Qlycyrrhiza , 365 
Onaphalium , 589, 606 
Gnidia. 370, 372 
GoatVbcard, see Tragojxxjon 
Goat’s-rue, see Galega 
Godetia , 387 

Golden-rod, see Solidago 

Golden Saxifrage, sec Chrysosplentum 

Gold-of-Pleasure, see Camelina 

Gomphrena , 105 

Qomphreneae, 105 

Gonolobeae , 478 

Gonolobus , 478 

Goodcniaccae, 584 

Gooseberry, see Kibes 

Gorse, sec f/k-r, 351 

Gortrria , 602 

Gossypium , 251, 252, 254 

Gouania , 309 

Granadilla, 212 

Grape Fruit, see Citrus, 289 

Grape-vine, see Ktfur 

Grass of Parnassus, see Parnassxa 

Oratiola. 526, 528 

Gratioleae , 528 

Gravesta, 386 


Greenheart, 138 
GrevilUa , 62, 60 
Grewia , 245, 247 
Grielum , 345 
Griffithella , 327 
Griselinia , 420, 421 
Ground-nut, see .IrarAi* 
Groundsel, sec Senecio , 587 
Grubbiaceae, 63 
Guaiacum, 280, 281 
Guava, see Psidium 
Guelder-rose, see l 
Guettarda , 559 
Gueltardeue , 559, 560 
Gum- arabic, 353 
Gum-benzoin, 453 
Guin-tragacanth, 353 
Gunnera , 392, 393, 394 
Gutta-percha. 450 
Guttiferae, 239 
Guttifcrales, 232 
Gymnocloilus , 365 
Gynandropsis . 173 
Gypsophila , 121 


Habcrlrn , 534 

Hnckberry, 46 

Haematoxylon , 353 

//aXreu, 60, 62 

JIalesia , 452 

UaUjania , 499 

Halocnemutn , 98 

Halophyte, 97 

Haloragaceae, 392 

Haloragis 9 392, 393 

Ualorylon , 95 

Hamamelidaceac, 332 

Hamamelidales, 333 

Ilamamtlis, 332, 333 

Hare bell, see Camjxinula , 578 

Harjxiyophylum , 536 

llarveya, 523, 529, 532 

Haschisch, 58 

Uaretiopsis , 240 

Hawk-bit, see Leontoflon 

Hawk weed, see Jlieracium 

Hawthorn, sec Crataegus 

Hazel, see Corylus 

Heath, see AViVn and Lncoideae 

llfbrnstrcitin, 530 

Heckeria, 92 

Jledera, 408, 410 . 

Hedge-mustard, see Sisymbrium 

Hedraeanthus, 579 


Hedy sat ear, 369 

Hedysarum , 305; germination, 349 
llelenieae , 591, 607 
llelrnium , 607 
Heliamp/ujra, 190 

llelianthenr, 588. 591. 594. 605. 00- 
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Helianlhemum, 200, 201 
Helianthus , 590, 591, 607; habit, 588; 
hairs, 589 

Helichrysum , 593, 606 
Heliotropioideac, 499 
Heliotropium , 499 
Helleboreac> 139, 140, 148 
Helleborus , flower, 140, 141, 142 
Helosis , 73 
Heluringia , 420, 421 
Hemlock, see Conium 
Hemp, see G'ann<i6is 
Hemp-agrimony, see Eupalorium 
Henbane, see Hyoscyamus 
Henoonia , 518 
Henriquezia , 555, 558 
HenriquezitaCy 560, 561 
Heradeum , 419; habit, 411, 413; fruit, 
418 

Herniaria 9 121 
HesperelUiy 457 
Heuchera , 320, 324 
Hevexiy 264 
Hibbertia, 234 
Hibisccac, 251 
Hibiscus , 249, 251, 253 
Hickory, 21 

Hieraciutriy 588, 589, 593, 610 
Hildzbrandtia , 481, 483 
Hillebrandia , 228, 229, 231, 232 
Hippocastanaccac, 300 
Hippocrepis, 369 
Hippomaney 259, 263 
Hippomaneae, 265 
Hippophaty 372, 373 
Hippuridaccae, 394 
Hippurisy 393 
HirculuSy 322 
Hirlelldy 347 
llockinidy 465 

Hog-weed, see Hcracleum , 419 

Hohrridy 251, 254 

Holargidium, 179 

Holly, see /tar 

Hollyhock, see .-W/Anm 

Holm Oak, 34 

Hololachne, 202 

Holovteum, 120 

Homaliumy (lower, 209, 210 

Honesty, see Lunaria 

Hop, see Humulus 

Hopea, flower, 243 

Hoplophyllum , 588 

Hornbeam, see /'orpinus 

Horse-chestnut, 300, 301, and see 

H osar Ida, 368 
Host undid, 507 
liottentot-ligs, 115 
Hotlonia , 439, 441, 442 
House-leek, see SempertuVum 


Z/ou/fynia, 92 
Howitiiay 254 
Z/oya, 474, 478 
Hugonuiy 278 
Hugonieaty 278, 279 
Humber tidy 481 
Humulus , 56, 57, 58 
Hurd, 263 
HybanthuSy 206 
Hydqophytum, 561 
Hydnordy 79, 80 
Hydnoraceae, 79 

Hydrangcdy 320, 325; inflorescence, 
321, 323 

Hydrangeoideae, 325 
Hydrastis , 150 
Hydrobryum^ 327, 329, 330 
Hydroctray 276 

Hydrocotyk, 411, 412, 418; inflor¬ 
escence, 413, 414; pollination, 416; 
fruit, 417 

Hydrocotyloideae, 418 
Hydroledy 493 
Hydrophyllaceae, 492 
Hydrophyllumy 493, 494 
Hydrostochyaceae, 331 
Hydroslachysy 331 
Hydrotrichcy 524 
Hymenaea, 352, 365 
Hyobanchty 523, 529, 532 
Hyoscyamusy flower, 518, 519, 522 
Hypecoideae, 170 
Hypecoumy flower, 165, 170 
Hyjxorhnris, 275 
Hypcrbaenay 154, 155 
Hypericum , 239, 241, 242 
Hypochaerisy 610 

Hyptisy 506, 507, 508, 514 

Ibcrisy 179, 186 
Ignatius Beans, 463 
/tar, 306, 307, 308 
lllecebrumy 121 
Ulicioideae, 128 
lUiciumy 128, 129; fruit, 126 
Immortelles, see Helichrysum 
1 mpatiensy 275, 276 
Indian pipe, 6©e Alonotropa 
Indiarubber plant, 53 
Indigoferay 358, 365, 309 
Inf era©, 550 
Iny* 1 * germination, 349 
InuUiy 590. 606 

lnultaey 606 

Ipecacuanha, see Uragoga 

lpomoea , 482, 485, 487; habit, 481; 

flower, 480, 483; pollen, 484 
Ipomoeaey habit, 481 
Iresiney 105 

Iron-wood, see Ixora 9 Sideroxylum 
Isatideae, 186 
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Isatis, 184, 186 
Isopyroideae , 140 
Isopyrum, 140, 142 
Ilea, 325 
Ivy, see Hedera 
Ixora, 660 
Ixoreae, 560 

Jacaranda, 540 
Jack-tree, 56 
Jacobinia, 548 

Jacob’s Ladder, 6ee Polenwnium 
Jalap, 487 
Janlaea, 534 

Jaaxane, 679; pollination, 681; fruit, 
684 

Jasrainoideae, 459 

Jasminum, 455, 456, 467, 458, 459 

Jalropha, 264 

Jatropheae, 265 

Jeffernonia, 150 

Judas-tree, see Cercis 

Juglandaceae, 16 

Juglandales, 12; phylogeny, 39-41 
Juglan*, 17-21; inflorescence, flower 
and fruit, 18 

Juju ties, Spanish, French, see Aizyphu* 

Juliania, 22 

Julianiaceae, 22 

Julianiales, 22 

Julo*tylis, 254 

Juseieua, 387 

Ju*liria, 548 

Kaki, see Dxoapyros 
Kulanchoe, 317, 319 
Kaliphora, 421 

Kedroati*, 220 . 

Kerguelen Island Cabbage, see I’rtng- 

lea 

Khaya, 291 
Kickxia, 472 
Kieaenia, 216 
Kleinia, 587 

Knapweed, see Centaurea 
Knautia, 575 
Knighlia, 62 
Knot-grass, 87 
Knoxia, 661 
Knoxitae, 560 
Kochia, 102 

Koenigia. 81. 87; flower, 82, 83 
Krameria , 350 
Kramericae, 300 

Labiatoe, 505 
Labiatitiorac, 005 

Laburnum , 307; Uowcr, 369; pollina¬ 
tion, 300 
Lace-bark, 371 


Laciuca , 005, 610 
Lafocnsia, 374, 370 

Lagenaria, androecium, 221, 222; 

fruit, 224 

Lager strotmia , 374, 375, 376 
Lagctla , 371 
Lag unaria f 254 

Lamb’s Lettuce, see Valeriarulia 
Lamium, 513; inflorescence, 607; 
corolla, 508; pollination. 510; fruit, 
512 

Landolphia, 469, 471, 472 

LarUana, 601,504. 505; flower. 502, o03 

Lapsana, 588, 010 

Lardxzjibala , 153 

Lardizabalaceae, 153 

Latakia, 523 

Lathraea , 524, 528, 529, 532 
Lathyrus, 309; habit, 350; pollination, 

362 

Lauraceae, 134 
Lauroeerasus , 347 
Lauras. 134, 135, 137 
Laurustinus, see Viburnum 
Lavandula , 512 
Lavanduloideae, 513 
Lavalera , 247, 248, 253 
Lavender, see Lavandula 
La win, 327 
Lawsonia . 370 
Lebelanlhus , 434 
Lccythidaceae, 380 
Lccylhis , 381 
Ledum , 430 
Aeexi, 312, 313 
Lcguminosac, 348 
Lctp/uiimo *, 464-467 
Lemon, see Cifni* 

369 

Lentibulariaccae, 541 
Lentil, see /.en* 

Leon lice, 152, 163 

Leonlodon, 010; pollination. o99 

Ltonlopodium , 006 

Lepidieae. 186 

Lepidium , 179, 180 

Leptosjxrmear , 384 

Leptosperrnoidcae, 384 

Lesser Celandine, see Ficana, 146 

lettuce, see Lactuca 

Lruradendron , 62 

Leurhtenbrrgia , 399. 407 

LvucoMCtpirum , 606 

LeycesUria, 503/504 

LiKulillorae, 005 

Ligustrurn . 455-458 

Lilac, sco Syringa 

Lime, soo Citrus. 289 

Lime-tree, see 7'i/m 

Limnanthcmum , 468 
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Limonium, 443, 444, 445, 446 
Limoaella, 528 
Linaceae, 278 

Linaria, habit, 523; flower, 524, 625- 
528 

Linden, see Tilia 
Lindera, 137 
Lindliya, 340 
Ling, see Calluna 
Linnaea, 562, 663, 565 
Linum, 278, 279, 280 
Lippia, 502, 603 
Liquorice-root, see Olycyrrhiza 
Liriodendron, 127 
Litchi, 206, 297 

Lilhospermum, flower, 495, 496; fruit, 
498 

Litordla, 548, 650 

Loasa, 217 

Loasaccac, 215 

Lobelia, 578, 582. 583, 684 

Lobelioideae, 582, 584 

Loeselia, 491 

Loganiu , 462 

Loganiaceoe, 460 

Loganioideae, 462 

Logwood, see Haematoxylon 

Loiseleurii i, 430 

Lomentaceae, 186 

London Pride, see Saxifraga, 322 

Isonicera, 562, 563, 585, 566 

Loose-strife, Purple, see bythrum 

Lopezia, flower, 389, 390 

Lophira, 235 

Lophophylum, 72 

Loranthaceae, 66 

Loranthoideae, 71, 68 

Loranthus, 70, 71 

Lot exte, 368 

Lotus, 368; pollination, 361 
Lotus-flower, 159 
Lotus plant, see Zizyphus 
Ludwigia, 387, 390; flower, 389 
Luff a, 227 

Lunaria, 186; fruit, 184 
Lupinus, 351, 367; leaf, 350; pollina¬ 
tion, 362 
Lupulin, 58 

Lyullia, 121; flower, 119 
Lychnis, 121, 123 
Lycium, 519 
Lycopsis, 495 

Lycopus, 506, 510, 513; stamens. 509 
Lysimachia, 439; flower, 440 
Lysinuichieae, 442 
Lythraceae, 374 
Lythrum, 374, 375, 376 

Main, 452 
Mabui, 264 


Macarthuria, 111 
Macleya, 168 
Madder, see Rubia, 561 
Maesa, 437 
Maesoideae, 437 
Magnolia, 126-129 
Magnoliaceae, 126 
Magnolioideae, 127 
Mahogany, see Stoielenia, Kkaya 
Mahon ia, 151 
Malope, fruit, 248 
Malopeae, 249 
Malpighia, 282 
Malpighiaceae, 281 
Malm, 248, 253; pollination, 250 
Malvaceae, 247 
Malvales, 244 
Malvcutrum, 251 
Malmviscus, 251 
Malveae, 251 
Mammea, 240, 241 
Mancinil, see Uippomane 
Mandarin, Bee Citrus, 289 
Mandragora, 521 
Mandrake, see Mandragora 
Manetiia, 553, 658 
Mangifera, 293, 294 
Mango, see Mangifera 
Mangold, 102 
Mangosteen, see Qarcinia 
Mangrove, see Aegiceras, Avicennia, 
Sonneratia, Rhizophoraceae 
Manihot, 260-264 
Manihoteae, 265 
Manioc, see Manihot 
Mamillaria, 398, 399, 407, 408; 

spines, 400; fruit, 404 
Maple, see Acer 
Marcgravia. 236, 237 
Marcgraviaccae, 236 
Mare’s-tail, see Hippuris 
Marigold, see Calendula; French, see 
Tagetes; Com, see Chrysanthemum, 
608 

Maripa, 485 

Marjoram, see Origanum 

Marrow, see Cucurbita 

Marrubium, 513 

Martynia, 538 

Martyniaceae, 537 

Marvel of Peru, 105 

Mastic-resin, see Pistacia 

Mastixia, 420, 422 

Mate, seo Ilex 

Matricaria, 591, 608 

MaUhiola, 177, 186; stigma, 178, 180; 

embryo, 185 
Maurandia, 523 
May Apple, 150 
Mayflower, see Epigaea 
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Meadow-rue, 145 
Meadow-sweet, bo© Ulmaria 
Meconopsis , 167 

Medicago , 368; germination, 349; 

stipules, 351; pollination, 361; pod, 
362; dissemination, 364 
MediniUa , 386 
Medlar, see Mespilus 
Megacarpaea , 179, 184 
Melaleuca , 383, 384 
Melampyrum , 524, 528, 529 
Mtlanaphylla , 421 
Melanorrhoea , 293 
Melastomaceae, 385 
Jfe/ia, 291 
Meliaceae, 290 

Ifeiifofu.*, 368; pollination, 360 

Melitlis , 513 

Melocactus , 199, 407 

Melon, see Cucumi>, 227 

Melothria , 227 

Mtndoncia, 644 

Mendoncioideae, 645, 547 

Menispermaceae, 155 

Mentha , 506, 513; corolla, 608, 510 

Mentzelia , 216, 217 

Menyanihes , 464, 468 

Mcnyanthoideae, 468 

Merciera , 580, 582 

Mercurialise 257, 264, 265; flower, 269. 

262; seed, 263 
Merlensia, 498 
Meryla , 410 

M esembryanthemeae , 115 
Mesembryanlhemum, 111,112,113, 116, 
94 

Mespilus , 341 
Melrosideros , 384 
Mexican Thistle, see Aryemo/u! 
Mczereon, see Daphne 
Michaelmas Daisy, see /later, 605 
Michauxia, 578, 580 
Microtea , flower, 108, 109 
Mignonette, see Reseda 
Milcania, 591, 692, 606; habit, 588 
Milfoil, see Achillea 
Milkwort, see Poly gala 
Milleria , 603 

Mimosa , 362, 366; leaf, 351; flower, 
364, 355 

Mimosoideao, 366 

Mimulu *, 624, 528; pollination, 526 

Mimueops, 448, 450 

Minuarlia , 120, 123 

Mirahilis, 105, 107; inflorescence, 

100 

Mistletoe, see Ftscum 
Miirtola , 463 
Mniopsis, 329, 330 
Mock Orange, see Philadelphus 


Molluginoideae, 114 
Mollugo, 114; flower, 112 
Momordica, 226; stamens, 221 
Monanthes , 317 

Monarda , bracts, 507; pollination, 
610 

Moneywort, see Lysimachia 
Monimia , 133 
Monirniaceae, 133 
Monochlamydeae, 4 
Monodor a, 130 
Monotropa , 432, 433 
Monotropoideae, 432, 433 
Monsonia , 273 
Montia 9 115 
Moraceae, 51 

Moricandia , stigma, 178, 180 
Marina , 574, 575 
Mori tula, 554 
Morindeae , 561 
185 

il/oras, 51, 52, 64 
Moschatel, see Adoxa 
Mother-of-thousands, see Saxifraga 
Mountain Ash, see 
Mountain Sorrel, see Oxyria 
Mour era , 328 
Mucurui , 353, 365 
MuehUnbeckia, 84 
Mulberry, see 3/ora.* 

3/a^oe/uii, 554 
Mussaendear, 560 
Mustard, see Brassira 
Mutism, habit, 588, 609 
Mutisuac, 594, 609 
Myosotis, 498; habit, 49-1; inflorescence, 
495; fruit. 490; flower, 497 
Myosuru*, 145; carpel, 139; flower, 
143 

Myrica, 13 10; flower, 15 
Mvrieaccae, 13 
Myricaria , 202 
Myriophyllum , 392, 394 
M yristica, 131, 132 
Myristicaceae, 131 
Myrtnrrodia, 553, 561 
Myrobalan, see Termitialia 
Myrrh, see Commiphora 
Myrrhis , 419 
Myrsinuceae, 436 
Myrsint , 439 
Myrtuccae, 381 
Myrttae, 381 
Myrtitlorao, 370 
Myrtle, see 3/yrfus 
Myrtoideae, 381 
Alyrtus, 382, 384 
MyztxUndron, 66 

Nandi na, 151 
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Napoleona, 381 

Nardostachys, 668, 672; flower, 570 
Nasturtium, 177,179,186; embryo, 185 
Nasturtium, see Tropaeolum 
Nauclea, 553 

Naucleae, 560; flowers, 554 
Navelwort, seo Cotyledon 
Nectandra, 138 
Negundo, 298 
Nelsonia, 547 
Nelsonioideae, 544, 547 
Nelumbo, 156, 157, 158 
Nelumbonoideae, 158 
Nematostylis, 654 
Nemesia, 528 
Nemopanlhes, 308 
Nemophila, 493, 494 
Nepenthaceac, 192 
Nepenthes, 192 

Nepeta, 510, 613; inflorescence, 507; 

stamens, 509 
Nephelium, 297 
Neptunia, 350 
Nerium, 469, 470, 472 
Nerteru, 559, 561 
Nettle, Stinging, 47, 49, 50 
Nettle-tree, 46 
Neurada, 345 
Neuradoideae, 345 
Ncurojn 7/ia, 481 
Nicandru, 518 
Nice,ndreae, 518 
Nicutiana, 521, 522, 523 
Nigel la, 141, 142, 144 
Nipplewort, see Lapsana 
Nolunacciie. 514 
Nofmkn, 402, 406; seed, 404 
Nora v ha. 236 
Nostoc, 393 
Nothojagus, 30-32, 34 
Notobuxus , 266 

Nuruinentuceac (1’roteaceae), 61 
Nueumentaeeae (CYuciferae), 186 
Nuphar, 156, 159 
Nutmeg, see Myristica 
Nuttallia, 346; flower, 339 
Nuxin, 462 

Nyctaginaceae, 105, 94 
Nymphaea, 156, 159, 160 
Nymplmcaceae, 155: pollination, 161 
Nymphaeoideae, 158 
Nyssa, 422 
Nyssacene, 422 

Oak, see Quercus 
Obolarin, 464 
Ochna, 234, 235 
Oehnacoae, 234 
Ochmdrnus , 188 
Oeimoideuc, 508, 512, 513 


Ocimum, 514 
Odontites, 524, 529 
Odontospermum, 606 
Oenothera, 387, 388, 392; flower, 389, 
390, 391 
Olacaceae, 63 
Olderdandia , 555. 559 
Oldenlandieae, 556, 559 
Olea, 455, 456, 457, 458 
Oleaceae, 455 
Oleales, 454 
Oleander, see Nerium 
Olearia, 606 
Oleexie, 458 
Oleoideae, 458 
Olibanum, see Bosicellia 
Oligomer is, 188 
Olive, see Olea 
Onagraceae, 386 
Oncoba, 209, 210 

Onobrychis, 351, 365, 369; pollination, 
360 

Ononis, 368; pollination, 362 
Onopordon , 589, 609 
Opiliaceae, 63 

Opunlia, 398, 399, 400. 406-8; flower, 
401; fruit, 402, 404 
Opuntiales, 396 
Opuntioidcae, 407 
Orange, see Citrus 
Ordeal Bean, sec Physostigma 
Oreomunnea, 21 

Origanum, 513; calyx, 507; corolla, 
510 

Orlean, 202 
Ormosia, 367 
Ornithopus, 369 
Orobanchaceae, 530 
Orobanche, 530. 531 532 
Orthoploceae, 187 
Ortho pterygium, 22 
Orthospernuie, 417 
Osier, 10 
Ostryu, 24, 27 
Oslryoptis, 25, 27 
Osyris, 64 

Otostegia, calyx, 512 

Ottonia (Piper), 91 

Ouratea, 234, 235 

Oxalidaccac, 273 

Oxulis, 273, 274, 275 

Ox-eye Daisy, see Chrysanthemum, 608 

Ox I ip, see Primula 

Oxybaphus, 105; inflorescence, 106 

Oxylobium, 365 

Oxyria, 87, 88; flower. 83, 84 

Oxytropis, 351, 365, 368 

Pachycentria, 385 
Pachy.sandra, 266 
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Paederxae 9 561 
Paeonia, 138, 147 
Paeonieae , 139, 147 
Pagamea , 555 
Palaquium , 450 
Paliurus , 310 
Pannx> 411 
Pangium , 209-211 
Pansy, 206, 207, 209 
Papaver , 165, 166 
Papaveraoeae, 164 
Papaveroideae, 164 
Papaw, see Carica 

Papilionatae, 366; secondary thicken¬ 
ing, 353; pollination, 359; cleis- 
togamy, 362; geocarpy, 362 
Paraguay tea, see Ilex 
Parie tales, 199 

Paritlarin , 47-51; inflorescence and 
flower, 48 
Parinarium , 347 
Parkin , flower, 354, 355 
Parnassia , 320-324 
Paronychia , 121; flower, 119 
Paronychieae , 121, 123; pollination. 
122 

Parsley, see Petroselinum 

Parsnip, see Pastinaca 

Parthenor issue 9 311 

Potanin , 30-34; female flowers, 35 

Passiflora , 211-213 

Passifloraceae, 211 

Passion-flower, see Passijlora 

Paslinaca, 419 

Patchouly, see PogosUmon 

Palrinia , flower, 670 

PauUinia , 295, 297 

Pauloumin , 523, 528 

Pavetla , 557 

Paixmia, 249, 251; fruit, 250 
Payena 9 450 

Pea, see Pisutn , Lathyrus 

Peach, sec Amygdalus 

Pear, see Pyrus 

Pedaliaccae, 536 

Pedicularis , 526, 529 

Pelargonium , 269, 270, 271, 2 / - 

Pellctiera 9 440 

Pellitory, see Paritlaria , 51 

Penny-cakes, see Cotyledon 

Penny-cress, see Thlaspi 

Penny-wort, sec Hydrocot yU 

Pen*tenwnacanlhu* 9 546 

PentacycHcao, 425 

Pentode* nut, 243 

Pentanisia , 561 

Pentaphragma , 679 

Pentas 9 554 

Penthorawae, 316 

Ptnlhorum 9 316, 319 


Penlstemon 9 528 

Peperomia , 89, 90, 92; stem-structure, 

91 

Pep/w, 374, 376, 376 
Peponiferae, 217 
Pepper, see Piper 
Pepper-tree, see 

Percskia 9 397, 407, 408; habit, 398, 
400; flower, 401; fruit, 404 
Peres kioideae, 407 
Perezia , 600 

Periplocoideae, 476, 478 
Periwinkle, see Tine// 

Persea 9 135, 136, 138 

Persimmon, see Dio^pyro* 

Petalodiseus, 263 

Pel as vies, 594, 608 

Pelroselinum . 419; fruit, 417, 418 

Pclunia. 522, 523 

Peucednneae , 419 

Peucc'Ianutn, 412, 419; habit, 413 

Phacelia, 492, 493, 494 

Pharbitxs, seed, 480; ovary, 484 

Phaseoleae , 369 

Phaseoin* , 369; habit, 350; flower. .159; 
pollination, 362 

Pheasant's eye, see -4do*M. 146 
Phelipaea, 530 
PA.Wiw, 308 

Philadslphus , 320, 325; flower, 321 
Phillyrea , 458 
PA/ox, 490, 491 
Phorad* mlron y 68, 71 
Phyllantheae , 264 
Phvllanthoideae, 264 
Ptiyllunthtut . 257. 264; flower. 259 
anthers, 262 
PA ylUiboirxju m, 211 
Phylloe/iclus, 397, 406, 407 
Phylloilocty 430 
Phyllononui , 321, 325 
Physoli*, 518, 519. 520 
Physocalymma, 376 
Physopsis 9 501 
Physostigm/i , 365, 370 
Phytcunui, 580 
Phytolacca, 108, 109, 110 
Phytolaccaceae, 108, 94 
Picotoe, 123 
Pierosma, 290 
Pier is 9 604 
Piloccrzus, 399 
l 1 HostyUs , 78 
Pimento, 384 
Pimpernel, see An/vjalli* 

Pimpinella, 419; fruit, 418 

Pinguiculo , 542, 543 

Pink, see Dianthus 

Piper . 89-92; stem-structure, 91 

Piperaceae, 88 
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Piperales, 88 , 80 
Pisonia , 107, 108 
Pistachio, see Pistacia 
Pistacia , 294 

Pimm , 369; stipules, 351; pollination, 
362 

Pitcher-plant, see Nepenthes 
PUhecoctenium , 640 
Pittosporaceae, 326 
Pittosporum, 326 
Plagianthus , 253, 254 
Plane, see Platanus 
Plantaginaceae, 548 
Plantaginales, 548 
Plantago , 548, 549 
Plantain, see Plantago 
Platanaceae, 333 
Platanus , 333, 334, 335 
Platycarya, 18-21 
Platycodon, 582 

Platylobeae (Euphorbiaceae), 187,263, 
264 

Platystemon, 168; fruit, 165 
Plectranthus, 514; pollination, 510 
Plectritis, 568 
Pleurogyne , 466 
Pleuroploceae , 187 
Plum, see Prunus 
Plumbaginaceae, 443 
Plumbaginales, 443 
Plumbagintae , 445, 446 
P/um&ij/o, 443, 444, 445, 446 
Plumicra , 469, 472, 473 
Plumicroideae, 472 
Podalyria , 367 
Podalyrieae % 367 
Podophylloitleae, 150 
Podophyllum , 150, 153 
Podostomaceae. 326 
Podosltmum , 327, 328, 329 
Potfoatemon, 514 
Poinsettia, see Euphorbia , 263 
Poison-ivy, see PAi<* 

Poison-oak, sec PAim 
Polanisia , 175; flower, 173 
Polemoniaceae, 490 
Polemonineae, 490 
Polcmonium 9 490, 491; flowor, 492 
Polycarpcae , 121 
Polyearpieae, 125 
Polycar ixjjiy 121 
Polygala, 302, 303, 304 
Polygalaccao, 302 
Polygonaceac, 80 
Polygouales, 80 

Po/;/ 0 o>tww, 81, 85, 87, 88 ; flower, 82, 
83, 84; pollination, 85 
Polyosma , 325 
Polypvmpholy.r , 542 
Pomax, 554 


Pomegranate, see Puntca 
Pomoideae, 341; flower, 339 
Poplar, see Populus 
Poppy, Iceland, 167; Yellow Homed, 
see Olaucium 

Populus, 6-10; inflorescence and 
flower, 5; floral plan, 8 
Parana, 485 
Poraneae , 483 
Porantheroideae, 265 
Portulaca , 115,116 
PortulacAceae, 115, 94 
Posoqueria , 558 
Potato, 6ee Solanum , 621 
PotentiUa , 336, 337; flower, 338, 339, 
340, 343 
PottniiUeae , 342 
Poterium , flower, 338, 339, 344 
Prasioideae, 513 
Prasium , 513 
Primrose, see Primula 
Primula , 439, 441; flower, 440, 442 
Primulaceae, 439 
Primulales, 435 
Primuleae , 441 
Pringlea , 181 
Prionotes, 434 
Privet, see Ligustrum 
Proberberideae , 129 
Proserpinaca , 394 
Prosopanche , 79, 80 
Prostantheroideae, 512, 513 
Protea , 61, 62 
Proteaceae, 59 
Proteales, 59, 68 
Proustia , 588 

Prunella , 513; inflorescence, 507 

Prunoideac, 345; flower, 339 

Prunus , 336, 345, 346; flower, 389 

Pseudoearum, 412 

Pseudosolanoidcae, 528 

Psidium* 382, 384, 385 

PsittacanthuSy 67, 71 

Psoraleay 369 

Psychotria , 559, 561 

Psychotrieae , 561 

P*Wrn, 289 

Ptcridophyllumy 170 

Pterisanthes, 312 

PterocarpuSy 353, 370 

Pterocarya , 17-21 

Pteropetalum , 174 

Pteropyrumy 87 

Pterospora , 432 

Plerostegia, 82 

Pterostcmony 325 

Pterostemonoideae, 325 

PterostyraXy 452 

Ptilotusy 103 

Pulicaria, 606 
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Pulmonaria, 498; habit, 494, 495; 

flower, 496, 497 
Pulsatilla, 145 
Pumpkin, see Cucurbit a 
Punica, 376 
Punicaceae, 376 
Purelane, see Portulaca 
Pycnophyllum, 121 
Pyrola, 432, 433 
Pyrolaceae, 432 
Pyroloideae, 432 
Pyrus, 336, 337; flower, 339, 341 

Quamoclit, 483; pollination, 485 
Quassia, 290 

Quassia-wood, Jamaica, see Picrasma 
Quercus, 30-34; inflorescence and 
flower, 31 
Quillaja, 340 

Radiola, 278, 279, 280 
Radish, see Raphanus 
RaJJltsia, 77, 78 
Rafflesiaceae, 77 
RaJJhsieae, 78 
Ragwort, see Senecio, 587 
Raisin, 314 

Rambutan, see Nephelium 
Ramie grass, 47 
Ramondia, 534, 536 
Rampion, see Campanula, 578 
Ranales, 125 
Randia, 560; flower, 554 
Ranunculaceae, 138; pollination, 147; 
dissemination, 14S 

Ranunculus , 138, 146, 148; carpel, 
139; llowcr, 141; inflorescence, 145 
R/ioulia , 606 
Rapanea , 438 
Raphantae, 186 

Raphanus . 182, 186; fruit, 184; em¬ 
bryo, 185 

Raspberry, we Rubus 

Rauwolfia, 471 

Rtaumuriu, 202 

Reaumuriexu, 202 

Red Sandal-wood, so© Pterocarpus 

Relhaninae , 589 

Remijia, 553 

Reseda, 188, 189 

Resedaceoe, 188 

Rewa-Rowa, see Kniyhtia 

Rhajodia , 102 

Rhamnoeeae, 309 

Rhamnalus, 308 

R/uitnnus , 309, 310 

Rheum , 81, 87; flower, 82, 83, 85 

Rhiyiojthyllurn, 578 

Rhinaniheue , 529, 532 

Khinanthoidcac, 528 


Rhinanthus , 527, 529 

Rhipsalis , 401, 405-407; fruit, 404 

Rhizophora , 377, 378, 379 

Rhizophoraccae, 377 

Rhodochiton , 523 

Rhododcndroideae, 430 

Rhododendron, 428,430; Hower, 429,431 

Rhoeadales, 163 

Rhopalocnemis , 73 

Rhubarb, see Rheum 

Rhus, 292, 293, 294 

Rhunchosia , 353 

JK6e*, 320, 323-325; flower, 321, 322 
Ribe8ioideae, 325 
Ribwort, see Plantayo 
Rice-paper, sec Tetrapanax 
Rirhioftnia , 78 
Ricinocarpoidcae, 265 
Ricxnus, 257, 2C1-204 
Rinorza , 206, 207 
Airimi, 110; flower, 108, 109 
Roberlsonta , 322 
RoWnin, 365, 368; leaf, 351 
317, 319 
Rock-cress, see 
Rock-rose, see Helianlhemum 
Roella , 578. 579 
Roman Nettle, 50 
Rondeletia , 559 
RondeUheae , 559 

ifcwa, 336, 337. 343; flower, 338, 340, 

341, 342 
Rosaceae, 335 
Rosales, 314 
Rosea*, 343 

Rosemary, see Rosmarxnus 

Rose of Jericho, see ylmisfa/ira, 

Odontosperm u m 
Rosmarinus, 512, 513 
Rosoideae. 341 
Rotala, 375 
Rowan, see Pyrus 
Royena, 452 
Rubia, 558. 559, 561 
Rubiaceae, 552 
Ru biales, 550 

336, 338, 342; flower, 333 

Rudbefkin , 591, 597, 607 

Rue, see /fuf/i 

Rudlia, 548; flower, 545 

burner, HI, 86, 88; flower. 82 Ho 

Hula, 289; flower, 284 287 

Rutaceae, 283 

Rutalea, 283 

Riitear, 289 

Rutoideiie, 288 

l/tstixrfitn. 236 


Safflower, sco Cart ham us 
Sage, see Salvia 
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Sagina , flower, 119, 120 
St Dabeoc’s heath, see Dabeocia 
St John’s Wort, see Hypericum 
Saintpaulia, 634 
Salazaria> 513 

Salicaceae, 5; affinities, 8 ’ phylogeny, 
39-41 
Salicales, 5 
Salicomia , 95-98, 100 
Salix 9 0-10; inflorescence, flower and 
fruit, 5; floral plan, 7 
Salpiqlo8&ideae f 522 
Salpiglossisy 522, 523; cleistogamy, 518 
Salsify, see Tragopogon 9 010 
Salsola , 95-98, 101 
Sal tree, see Shorea 
Salt-wort, 95 
Salvadoraceae, 459 

Salvia , 506, 507, 511; corolla, 508; 

stamens, 509; pollination, 510 
Salvitae , 509, 513 

SambucuSy 562, 563, 564, 566; flower, 
565 

SamoUae, 443 

SamoluSy 440, 441, 443; flower, 442 
Samphire, 95 

Sandal-wood, see Santalum 
Sand-box, 263 

Sangu isorbtae , 336,344; pollination, 338 

Sanicle, see Sanicula 

Saniculay 412, 419; calyx, 416 

Saniculeae , 416 

Saniculoideae, 419 

Santalaceae, 63 

Santalales, 63, 58 

Santalum , 64, 66 

Sapindaccae, 295 

Sapindalcs, 292 

Sapitulus, 296, 297 

Sapium , 264 

Sapodilla, see Achras 

Sajxyruiriay 121, 123 

Sapotaceae, 447, 448 

Sapotineac, 447 

Sapridy 78 

Sapucaia-nut, see Lecythis 
Sarauja, 233 

Sarcocaulotiy 269, 270, 273 
Sarcocephalusy flowers, 654 
Sarcococcay 266 
Sarcodes, 432, 433 
SarcophytCy 71, 72, 73 
Sarcotheca 9 275 
Sarracenia , 190, 191 
Sarruceniaceae, 190 
Sarraceniales, 190 
Sassafras, 134, 137 
Satunia , 510 
SatureieaCy 513 
Saururaceae, 92 


Saururusy 92 
Sauixigtsia, 234, 235 
Saxaul, 95 

Saxifragay 320; flower, 321, 322-324 
Saxifragaceae, 319 
Saxifrage, see Saxifraga 
Saxifragoideae, 320, 324 
Saw-wort, see Serratula 
Scabiosay 573, 674, 675 
Scabious, see Scabiosa 
Scaevotoy 585 

Scaramony, see Convolvulus, 481, 487 
Scandiccaty 419 
Scandixy 416, 419 
Scarlet Runner, see Phaseolus , 365 
SchinuSy 295 
Schizandroideae, 128 
Schizanthusy 518, 522, 523 
Schizocodony 435 
Schlechtendaliay 589 
SehoeniOy 594 
ScleranlheaCy 121 
Scleranthus, 121 
Scolymusy 605 
Scot pi urns 9 cotyledons, 349 
Scorzonera % 605, 610 
Scrophularia, 528; flower, 526, 627 
Scrophulariaceae, 523 
Scurvy-grass, see Coehlearia 
ScuUUariay 506, 512, 513; inflorescence, 
507 

Scutellarioideae, 513 
Sea-buckthom, see Hippophae 
Sea-holly, see Eryngium 
Sea-kale, see Crambe 
Sea-lavcndor, see Limonium 
Secamonty 478 
Secamoneat % 478 

Stchium , 225; tendril, 220; androe- 
cium, 221 ; ovary, 222 
Securidacay 304 
Scddera , 481 

Scdum 9 315, 316, 319; flower, 317; pol¬ 
lination, 318 
Selaginaceae, 529 
StlagOy 630 
Semibegoniellay 228 

Sempervivum , 316, 319; flower, 317 
Senccioy 608; habit, 587, 589; in¬ 
volucre, 593; pollination, 600 
Senecioneae 9 608 
Senna, see Cassia, 365 
Serjania , 295, 297 
Serpiculay 394 
Serratula, 609 
Service, see Pyrus 
Sesame, see Sesatnum 
Srsamurny 536, 537 
Sesbania, 365 
Stsuricae, 114 
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Sesuvium, 114; flower, 112 
Shaddock, see Citrus, 289 
Sheep’s-bit, see Jasione 
Sheep’s Sorrel, 81 
She-oak, 39 
Shepherdia, 372 

Shepherd’s Puree ( Capsella ), 182 

is'herardia, 561 

Shorea, 243, 244 

Shortia, 435 

Sibbaldia, 339 

Siblhorpia, 529 

Sicydium, 221 _ 

Sicyos, 227; androecium, 221, 222 

Sida, 249, 251 

Sideroxylum, 450 

Siegesbeckia, 603 

Silent, 119, 121, 123 

Silenoideae, 121, 123; pollination, 122 

Siliculosae, 186 

Siliquosae, 186 

Silver-tree, see Leucadendron 

Silverweed, see Potentilla 

Silybum, 597, 602, 609 

Simarubaccae, 290 

Simmontlsia, 266 

Sinningia, 533, 536 

Siphocampylus, 582 

Siphocodon, 582 

Sisymbriextc, 186 

Sisymbrium, 186; embryo, 18o 

Skimmia, 289 

Sloe, bee Prunus 

Srnymieae, 419 

Snapdragon. see Antirrhinum 

Snowberry, see Symphoricarpus 

Soapberry, wee Sapindus 

Soap-tree, see Sapium; Chilian, see 

QuiUaja 

Soapwort, see Suponaria 
Solunaccae, 515 
Solaneae, 519 

Solanineae, 514 , ... 

SoUinurn, 617, 518, 520. o22; habit, 
515; branching, 516 
H'oldanella, 440, 442 
Solidago , 606 
SonrJxus, 602, 610 
Sonerila, 386 
iionruratia, 377 
Sonneratiaceae, 377 
Sophora , 367 
Sojthoreae , 367 
Sorrel, 81 
Souroubea, 236 
Spanish Broom, sec SjMirtiurn 
Sparmannia , 247 
Spart\\nae % 367 
SparHum , 367 
Sp&thelioideoe, 280 


Spearwort, 147 

Specularia t 578, 580; fruit. 584 
Speilanlhta, 591 

Spergula, 121. 123; flower, 118, 119 
Spergularia , 121 
Sperguleae, 121^ 

Sperrnacoceae , 561 
Sphenoclea 9 584 
Spigelia, 462 

Spikenard, see Sardostachye 
Spinach, see Spinacia 
Spinal**' 101, 102 
Spindle-tree, see Euoiiymus 
Spiraea , 336; Hower, 340 

I^S^nopodi^,. .0. 

Spurge, see Euphorbia 
Spurge Laurel, sec Daphne 
Squirting Cucumber, sec Eebalhui 
Staehyeae, 513 

gS&M? m“ 5.4; corolla, 508; 

pollination, 510 
Stapdia, 474, 475, 4/8 
Staphylta, 306 
Staphyleaceae, 306 
Star-anise, 128 
Statics, 443 
Staticalf, 444-446 
Stegnosperma, 108 
SteUaria, 120, 123; flower, 119, 12- 

S teller a 9 370 . . *>85 

Stenolobeaz (Kuphorbiaceae). -63 -0.» 

Stephanotis, 475, 4/8 
Sterculia, 255 
Sterculiaceae, 254 
Stock, SCO Matthiola 
Stone-crop, see Saturn 
Stranvaesui, 341 . 

Stn.wbcrry.ln*. .c_ ArbuM, 4.1 
Streptocarpus, o33, 535, ouo 
Strophanlhas. 472 
Strychnine, 462 
Strychnos, 461, 46- 
Stylidiaceae, 585 
Styli lium, 586 
Styloceras, 266 
Stylopodiuiu, 415 
Styphelia, 434 

Styracaoeae, 44/, 

Siyrax , 453 

Suaeda , 06, 101 . gr. 

Subularia, 181. 186; embryo. 1H.» 

Succtfta, 575 

Sumach, nee 

Sundew, sec Drosera 

Sunflower, sec Delta nth us, jJO, " 

Sweet-gale, sec Myrtea 

Sweet Potato, we- Ipomoea, 1 

Sweet Violet, 208 
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Sweet WiUiam, 123 
Swertia, 465 
Stoieienia, 291 
Sycamore, see Acer 
Symbegonia , 228 
Sympctalae, 423 

Symphoricarpua, 562, 563, 564, 566 
Symphytum, 498; habit, 494; flower, 
495, 496, 497 
Symplocaceae, 447, 453 
Symploco.i, 453 
Syruidcnium, 258 
Synaplatilha, 555 
Syringa, seo Philadelphia 
Syringa, 455-458 
Syringeae, 458 

Tacsonia, 212 
TageUs, 605, 607 
Tallow-tree, see Penladesma 
Tamaricaceae, 202 
Tamariceae, 202 

Tamarindus, flower, 355, 356, 357; 

dissemination, 364 
Tamarisk, see Tamarix 
Tamarix, 202, 203 
Tanacetnm, 588, 608 
Tansy, see Tanacetum 
Taraxacum, 610 
Tarchona nthinae, 588 
Tarchonanthus, 602, 606 
Tare, see Vicia, 369 
Teak, see Tec tana 
Tea-plant. 239; and see Lycium 
Teasel, 574; and see Dip&acus 
Tecoma . 541 

Ttclona, 501. 502, 504, 505 
Teeadalia, 179, 186 
Telegraph-plant, see Dwnodium 
Telopea, 62 
Tephrosia, 369 
Terebinth, see Pistacia 
Tcrminalia. 380 
Tcrnstroemiacene, 237 
Tessarundra, 456, 457 
Tel ilia, 325 
Tetracera, 233 
Tctracli/t, 452 
Tetracyclicac, 454 
Tetragonia. 111, 113-115 
Tetrumolopium, 606 
Tctrapanax, 408 
Tetrapalhaca, 212 
Tctrupoma, 179 

Teucrium, 509, 513; inflorescence 507- 
flower, 508, 510 

Thalictrum, carpel, 139, 140, 145 
Thea, 238, 239 
Thcaceae, 237 
T/uobruirut, 255 


Theophrastaceae, 436 
Theeium, 63-66, 65 
Thibaudia, 431 
Thinouia, 295 

Thistle, see Carduue, Carlina, Cen- 
taurea, Onopordon, Silytmm, Sonchus 
Thladiantha, 221 
Thlaspi, 186 
Thlaspideae, 186 
Thorn-apple, see Datura 
Thrift, see Statice 

Thunbergia. 544, 548; flower, 545, 546 
Thunbergioideae, 545, 547 
Thyme, see Thymua 
Thymelaeaceae, 370 
Thymua, 512, 513; calyx, 507; corolla, 
608, 510 
Tibouchina, 385 
Tilia, 245, 246 
Tiliaceae, 245 
Tillaea, 319 

Toad-flax, see Linaria, 623, 524 
Tobacco, sec Nicotiana 
Toddalieae, 285 
Toddalioidoae, 289 
Tomato, see Solatium, 521, 522 
Tooth-wort, seo Lathraea 
Toriceilia, 421 
Tori lie, 416 

Touch-me-not, see Impatiens 
Tounatea, carpels, 359 
Toumefortia, 495, 499 
Toxicodendron, 264 
Tozzia, 529. 532 
Trachymene, 413 
Trachyphyllum, 322 
Tragia, 257 
Tragoceros, 603 

Tragopogon, 591, 610; fruit, 603 
Trapa, 387; cotyledons, 388; flower, 
390, 391 

Trapella, 536. 537 
Tree-mallow, seo Lavatera 
Tree of Heaven, see Ailanthue 
Trema, 43, 46 
Trianthema, 114 
Tribulus, 280 
Triccra, 266 
Tricoccae, 256 
Trientalis, 440, 442 
Trifolieae, 368 

Trifolium, 350, 351, 354, 368; pollina¬ 
tion, 360; geocarpy, 362 
Trigonella, 368 
TriosUum, 562, 564 
Triplaris, fruit, 82, 84 
Trip/cris, 603 
Tr in tic ha, 327 
Triumfetta, 247 
Trollioideue, 140, 142 
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Trollius, 142 
Tropaeolaceae, 277 
Tropaeolum, 277 
Tubiflorae, 487 
Tubuliflorae, 005 
Tulip-tree, see Liriodendron 
Tussilago , 594, 605, 608 
Tutsan, see Hypericum 
Tylophoreae , 478 

Ulex , 365, 367; leaf, 350; periderm, 
352 

Ulmaceae, 43 
Ulmaria, 338, 342 
Ulmaritae, 342 
Vlmeac, 45 

Ulmus, 43—46; species of, 46 
Umbelliferae, 411 
Umbelliflorae, 408 
Uncaria, 553, 560 
Upas tree, 55 
IJragoga, 501 
C/rfica, 47-50, 48 
Urticaceae, 47 
Urticiflorae, 41 
Ulricularia, 541, 542, 643 

Vaccinioideae, 431 

Facctnium, 431; habit, 427, 428; 

flower, 429 
Vahlia, 324 

Valerian, see Valeriana 
Valeriana , 508, 669, 572; flower, 670, 
571 

Valerianaceao, 507 

Fo&rianetfa, 508, 571, 572; flower, 670 

Fan{/ueria, 560 

Vanguerieae , 560 

Vegetable sheep, see Raoulia 

Venus’s fly-trap, see Dionaea 

Verbasceae , 528 

Verbascum , 624, 528; flower, 526-627 
Verbena, 601, 602, 604, 605 
Verbenaceae, 600 
Verbenineac, 500 
Verbesina, 603 
Kernonia, 691, 605 
Vermmteae, 005; pappus, 590 
Keronica, 628; habit, 523, 624; flower, 
626, 526, 527 
Verticordia f 384 
Vervain, see Verbena 
Vetch, see Vicia 

Viburnum , 502, 563, 664, 566; pollina¬ 
tion, 565 

Vicia, 309; habit, 350; nectary, 352; 

flower, 369 
Vicieae, 309 
Victoria , 156, 101 
Villarsia , 403 


Ftnca, 469, 472, 473; flower, 470, 471 
Vinceloxicum , 478 
Vine, see J'tfi* 

Viola, 206, 207-209 
Violaceae, 206 

Virginia Creeper, see Parthenocissus 

Viscaria , flower, 118, 119 

Viscoideae, 71, 68 

Viscum, 09-71 

Fi>mw, 243 

Vitaceae, 311 

Viler, 501, 504, 505 

Fi/w. 311, 313, 314 

Viviania, 270 

Voyria, 464; flower, 465 

W ahlenbergia, 579, 580, 582, 584 
Wallflower, see Cheiranthui 
Walnut, see Juglans, 21 
Waratah, see Tclopea 
War/tceu'iczia, 554 
Water Chestnut, see Trapa 
Watercress, see Nasturtium 
Water Crowfoot, 139 
Water-hemlock, nee Cicuta 
Water-lily, 159 

Water Milfoil, see Myriophyllum 
Water-purslane, see Peplis 
Water Violet, see Ilottonia, 442 
Wattle, see Acacia, 360 
Wayfaring tree, see Viburnum 
Weddelina, 330 
Weigelia, see DierviUa 
Wttnmannia, 326 
White-beam, see Pyrus 
I Yielandia, 259 
Wigamlia, 494 
Wig-tree, see Cotxnus 
Wilkesia, 588, 592 
Willow, see Salir 
Willow-herb, see Kpilobium 
Winter Cherry, see Phy&alis 
Winter-cress, see liartxirfa 
Winter-green, see Pyrola 
Winter’s Bark, 128 
Wistaria, 353; dissemination, 364 
Witch Hazel, s«*o J/amamOis 
Woad, S4*e I satis 
Wooden Pear, see Xylumdum 
Woollen-roses, 71 
Wood-ruff, see Asjnrula 
Wood sorrel, see Oralis 
Wormwood, si^e A rt*vi i*\a 

Xanlhxum. 591. 694. 601. «03. 007 
Xanthophyllum , 304 
X author rhiza , 139, 140, 142, 144 
X author yhae, 289 
X author ylurn, 289 
Xeranthetnum, 593 
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Xylomelum, 62 
Xylophylla, 257 

Yarrow, see Achillea 
Yellow-rattle, see Rhinanthus 
Yellow Wort, see Blackeionxa 


Zinnia, 602, 603, 607 
Zizyphua, 309 
Zomia, 380 
Zygogynum, 128 
Zygophvllaceae, 280 



